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INTRODUCTION  

 
This document describes a systematic review conducted to answer the following question: 
What is the relationship between folic acid from supplements and/or fortified foods 
consumed before and during pregnancy and lactation and health outcomes? This 
systematic review was conducted by the 2020 Dietary Guidelines Advisory Committee, 
supported by USDA’s Nutrition Evidence Systematic Review (NESR).  
 
More information about the 2020 Dietary Guidelines Advisory Committee is available at the 
following website: www.DietaryGuidelines.gov.  
 
NESR specializes in conducting food- and nutrition-related systematic reviews using a 
rigorous, protocol-driven methodology. More information about NESR is available at the 
following website: NESR.usda.gov.   
   
NESR’s systematic review methodology involves developing a protocol, searching for and 
selecting studies, extracting data from and assessing the risk of bias of each included 
study, synthesizing the evidence, developing conclusion statements, grading the evidence 
underlying the conclusion statements, and recommending future research. A detailed 
description of the systematic reviews conducted for the 2020 Dietary Guidelines Advisory 
Committee, including information about methodology, is available on the NESR website: 
https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews. In 
addition, starting on page 135, this document describes the final protocol as it was applied 
in the systematic review. A description of and rationale for modifications made to the 
protocol are described in the 2020 Dietary Guidelines Advisory Committee Report, Part D: 
Chapter 2. Food, Beverage, and Nutrient Consumption During Pregnancy and Chapter 3. 
Food, Beverage, and Nutrient Consumption During Lactation. 
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WHAT IS THE RELATIONSHIP BETWEEN FOLIC ACID FROM 
SUPPLEMENTS AND/OR FORTIFIED FOODS CONSUMED BEFORE AND 
DURING PREGNANCY AND LACTATION AND HEALTH OUTCOMES? 

PLAIN LANGUAGE SUMMARY 

What is the question? 

 What is the relationship between folic acid from supplements and/or fortified foods 
consumed before and during pregnancy and lactation and micronutrient status? 

 What is the relationship between folic acid from supplements and/or fortified foods 
consumed before and during pregnancy and risk of gestational diabetes? 

 What is the relationship between folic acid from supplements and/or fortified foods 
consumed before and during pregnancy and risk of hypertensive disorders during 
pregnancy? 

 What is the relationship between folic acid from supplements and/or fortified foods 
consumed before and during pregnancy and lactation and human milk 
composition? 

 What is the relationship between folic acid from supplements and/or fortified foods 
consumed before and during pregnancy and lactation and developmental 
milestones, including neurocognitive development, in the child? 

What is the answer to the question? 

Micronutrient status during pregnancy and lactation 

Folic acid intake before and during pregnancy: 

 Strong evidence indicates that folic acid supplements consumed before and/or 
during pregnancy are positively associated with folate status (serum, plasma, 
and/or red blood cell folate). 

 Insufficient evidence is available to determine the relationship between folic acid 
from supplements consumed before and/or during pregnancy and hemoglobin, 
mean corpuscular volume, and serum vitamin B12. 

 No evidence is available to determine the relationship between folic acid from 
supplements consumed before and/or during pregnancy and red blood cell 
distribution width.  

 No evidence is available to determine the relationship between folic acid from 
fortified foods consumed before and/or during pregnancy and micronutrient status. 

Folic acid intake during lactation: 

 Moderate evidence indicates that folic acid supplements consumed during lactation 
are positively associated with red blood cell folate, and may be positively 
associated with serum or plasma folate. 

 Insufficient evidence is available to determine the relationship between folic acid 
from supplements consumed during lactation and hemoglobin, mean corpuscular 
volume, and serum vitamin B12. 

 No evidence is available to determine the relationship between folic acid from 
supplements consumed during lactation and red blood cell distribution width. 
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 No evidence is available to determine the relationship between folic acid from 
fortified foods consumed during lactation and micronutrient status.  

Gestational diabetes 

 Insufficient evidence is available to determine the relationship between folic acid 
from supplements and/or fortified foods consumed before and during pregnancy 
and the risk of gestational diabetes. 

Hypertensive disorders of pregnancy 

 Limited evidence suggests that folic acid supplements consumed during early 
pregnancy may have a beneficial effect on reducing the risk of hypertensive 
disorders during pregnancy among women at high-risk (e.g., history of 
preeclampsia or prepregnancy BMI ≥25 kg/m2) compared to no folic acid 
supplementation. 

 Moderate evidence indicates that higher levels of folic acid supplements consumed 
during pregnancy compared to lower levels (including no folic acid 
supplementation) does not affect the risk of hypertensive disorders during 
pregnancy among women at low-risk.  

 No evidence is available to determine the relationship between folic acid from 
fortified foods consumed before and during pregnancy and the risk of hypertensive 
disorders during pregnancy.  

Human milk composition 

Folic acid intake before and during pregnancy: 

 No evidence is available to determine the relationship between folic acid from 
supplements or fortified foods consumed before and during pregnancy and human 
milk folate. 

Folic acid intake during lactation: 

 Moderate evidence indicates that folic acid supplements consumed during lactation 
does not influence folate levels in human milk.  

 No evidence is available to determine the relationship between folic acid from 
fortified foods consumed during lactation and human milk folate. 

Developmental milestones in children 

Folic acid intake before and during pregnancy: 

 Insufficient evidence is available to determine the relationship between folic acid 
supplementation before and/or during pregnancy and cognitive, language, and 
social-emotional development, and risk of autism spectrum disorder in the child. 

 No evidence is available to determine the relationship between folic acid from 
supplements consumed before and during pregnancy and movement and physical 
development, academic performance, anxiety, depression, or the risk of attention-
deficit disorder or attention-deficit/hyperactivity disorder in the child. 

 No evidence is available to determine the relationship between folic acid from 
fortified foods consumed before and during pregnancy and developmental 
milestones, including neurobehavioral development, in the child. 
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Folic acid intake during lactation: 

 No evidence is available to determine the relationship between folic acid from 
supplements or fortified foods consumed during lactation and developmental 
milestones, including neurobehavioral development, in the child. 

Why was this question asked? 

 This important public health question was identified by the U.S. Departments of 
Agriculture (USDA) and Health and Human Services (HHS) to be examined by the 
2020 Dietary Guidelines Advisory Committee. 

How was this question answered? 

 The 2020 Dietary Guidelines Advisory Committee, Pregnancy and Lactation 
Subcommittee conducted a systematic review to answer this question with support 
from the Nutrition Evidence Systematic Review (NESR) team. 

What is the population of interest?  

 The population of interest for folic acid intake is generally healthy women up to 6 
months before pregnancy, during pregnancy, and during lactation. 

 This review examines several health outcomes in different populations of interest: 
o Micronutrient status in women during pregnancy and lactation,  
o Gestational diabetes in women during pregnancy,  
o Hypertensive disorders in women during pregnancy,  
o Human milk composition in women during lactation, and  
o Developmental milestones including neurocognitive development in 

offspring from birth to age 18 years.What evidence was found?  

What evidence was found? 

Micronutrient status during pregnancy and lactation 

 This review includes 14 articles that present evidence about folic acid 
supplementation before/during pregnancy (9 articles) or during lactation (5 articles). 
No articles present evidence about folic acid intake from fortified foods. Folic acid is 
the form of folate in supplements and fortified foods. Folate is found naturally in 
foods and is also the form that is measured in blood. 

 The outcomes are all measures of folate and vitamin B12 status. Most of the 
evidence is about folate status. Consistent evidence indicates that taking folic acid 
supplements before/during pregnancy or during lactation is associated with higher 
measures of folate status. The evidence included studies with strong designs (e.g. 
randomized controlled trials).  

 Due to inconsistent results or an insufficient number of studies, a conclusion could 
not be drawn on the association between folic acid supplementation and 
hemoglobin, mean corpuscular volume (MCV), or vitamin B12.  
 

Gestational diabetes 

 One non-randomized controlled trial (NRCT) was included in this body of evidence. 

 Due to an insufficient number of studies, a conclusion could not be drawn on the 
association between folic acid supplementation before/during pregnancy and risk of 
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gestational diabetes. 
 

Hypertensive disorders of pregnancy 

 Eight articles are included in the evidence about folic acid supplementation before 
and during pregnancy. No articles present evidence about folic acid intake from 
fortified foods. 

 All articles were about the risk of hypertensive disorders during pregnancy, 
including high blood pressure, preeclampsia, and eclampsia. The evidence was 
different for women with a high risk of developing hypertensive disorders (e.g. 
women who had preeclampsia in a previous pregnancy; women who began 
pregnancy with over weight or obesity) compared to women with a low risk of 
developing hypertensive disorders: 

o For women with high risk: A few studies suggest that taking folic acid 
supplements during early pregnancy may be associated with a lower risk of 
hypertensive disorders. The evidence is somewhat inconsistent and is 
limited because it is based on a few studies, including studies with weak 
study designs. 

o For women with low risk: The evidence suggests that taking more folic acid 
from supplements compared to taking smaller amounts of folic acid 
supplements or not taking any folic acid supplements during pregnancy 
does not affect the risk of hypertensive disorders. The evidence is 
somewhat consistent and is based on a variety of studies, including studies 
with a strong study design (e.g. randomized controlled trials). 

 

Human milk composition 

 Four articles are included in the evidence about folic acid supplementation during 
lactation. No articles present evidence about folic acid supplementation before or 
during pregnancy or about folic acid intake from fortified foods. 

 None of the studies found that folic acid supplementation during lactation was 
associated with folate levels in human milk. The evidence was consistent and 
included studies with strong designs (e.g. randomized controlled trials).  

 All of the studies included women who likely had adequate folate status, so the 
evidence may be different for women who are folate deficient. 

 

Developmental milestones in children 

 This review includes 6 articles that present evidence about folic acid 
supplementation before/during pregnancy. No articles present evidence about folic 
acid supplementation during lactation or about folic acid intake from fortified foods. 

 The evidence included studies about outcomes in children, such as cognitive 
development (2 articles), language/communication development (2 articles), 
social-emotional development (1 article), and autism spectrum disorder (ASD; 1 
article). Generally, folic acid supplementation before or during pregnancy was 
either not associated with or was associated with better had a beneficial 
association with these outcomes. However, due to inconsistent results or an 
insufficient number of studies, a conclusion could not be drawn for cognitive 
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development, language/communication development, social-emotional 
development, or risk of ASD. 

 There was no evidence about whether folic acid supplementation before/during 
pregnancy was associated with movement/physical development, academic 
performance, attention deficit disorder (ADD) or attention-deficit/hyperactivity 
disorder (ADHD), anxiety, or depression. 

 

How up-to-date is this systematic review? 

 This review searched for studies: 
o Micronutrient status: from January 1980 to June 2019 
o Gestational diabetes: from January 1980 to July 2019 
o Hypertensive disorders of pregnancy: from January 1980 to July 2019 
o Human milk composition: from January 1980 to June 2019 
o Developmental milestones: from January 1980 to July 2019 
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TECHNICAL ABSTRACT   

Background  

 This important public health question was identified by the U.S. Departments of 
Agriculture (USDA) and Health and Human Services (HHS) to be examined by the 
2020 Dietary Guidelines Advisory Committee. 

 The 2020 Dietary Guidelines Advisory Committee, Pregnancy and Lactation 
Subcommittee conducted a systematic review to answer this question with support 
from the Nutrition Evidence Systematic Review (NESR) team. 

 The goal of this systematic review was to examine the following questions:  
o What is the relationship between folic acid from supplements and/or fortified 

foods consumed before and during pregnancy and lactation and micronutrient 
status? 

o What is the relationship between folic acid from supplements and/or fortified 
foods consumed before and during pregnancy and risk of gestational diabetes? 

o What is the relationship between folic acid from supplements and/or fortified 
foods consumed before and during pregnancy and risk of hypertensive disorders 
during pregnancy? 

o What is the relationship between folic acid from supplements and/or fortified 
foods consumed before and during pregnancy and lactation and human milk 
composition? 

o What is the relationship between folic acid from supplements and/or fortified 
foods consumed before and during pregnancy and lactation and developmental 
milestones, including neurocognitive development, in the child? 

Conclusion statements and grades 

 Micronutrient status 

Pregnancy 

o Strong evidence indicates that folic acid supplements consumed before 
and/or during pregnancy are positively associated with folate status (serum, 
plasma, and/or red blood cell folate). (Grade: Strong) 

o Insufficient evidence is available to determine the relationship between folic 
acid from supplements consumed before and/or during pregnancy and 
hemoglobin, mean corpuscular volume, and serum vitamin B12. (Grade: 
Grade not assignable) 

o No evidence is available to determine the relationship between folic acid 
from supplements consumed before and/or during pregnancy and red blood 
cell distribution width. (Grade: Grade not assignable) 

o No evidence is available to determine the relationship between folic acid 
from fortified foods consumed before and/or during pregnancy and 
micronutrient status. (Grade: Grade not assignable) 

Lactation 

o Moderate evidence indicates that folic acid supplements consumed during 
lactation are positively associated with red blood cell folate, and may be 
positively associated with serum or plasma folate. (Grade: Moderate) 

o Insufficient evidence is available to determine the relationship between folic 
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acid from supplements consumed during lactation and hemoglobin, mean 
corpuscular volume, and serum vitamin B12. Grade: Grade not assignable 

o No evidence is available to determine the relationship between folic acid 
from supplements consumed during lactation and red blood cell distribution 
width. (Grade: Grade not assignable) 

o No evidence is available to determine the relationship between folic acid 
from fortified foods consumed during lactation and micronutrient status. 
(Grade: Grade not assignable)  

 Gestational diabetes 

o Insufficient evidence is available to determine the relationship between folic 
acid from supplements and/or fortified foods consumed before and during 
pregnancy and the risk of gestational diabetes. (Grade: Grade not 
assignable) 

 Hypertensive disorders of pregnancy 

o Limited evidence suggests that folic acid supplements consumed during 
early pregnancy may have a beneficial effect on reducing the risk of 
hypertensive disorders during pregnancy among women at high-risk (e.g., 
history of preeclampsia or prepregnancy BMI ≥25 kg/m2) compared to no 
folic acid supplementation. (Grade: Limited) 

o Moderate evidence indicates that higher levels of folic acid supplements 
consumed during pregnancy compared to lower levels (including no folic 
acid supplementation) does not affect the risk of hypertensive disorders 
during pregnancy among women at low-risk. (Grade: Moderate) 

o No evidence is available to determine the relationship between folic acid 
from fortified foods consumed before and during pregnancy and the risk of 
hypertensive disorders during pregnancy. (Grade: Grade not assignable) 

 Human milk composition 

Pregnancy 

o No evidence is available to determine the relationship between folic acid 
from supplements or fortified foods consumed before and during pregnancy 
and human milk folate. (Grade: Grade not assignable) 

Lactation 

o Moderate evidence indicates that folic acid supplements consumed during 
lactation does not influence folate levels in human milk. (Grade: Moderate) 

o No evidence is available to determine the relationship between folic acid 
from fortified foods consumed during lactation and human milk folate. 
(Grade: Grade not assignable) 
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 Developmental milestones 

Pregnancy 

o Insufficient evidence is available to determine the relationship between folic 
acid supplementation before and/or during pregnancy and cognitive, 
language, and social-emotional development, and risk of autism spectrum 
disorder in the child. (Grade: Grade not assignable) 

o No evidence is available to determine the relationship between folic acid 
from supplements consumed before and during pregnancy and movement 
and physical development, academic performance, anxiety, depression, or 
the risk of attention-deficit disorder or attention-deficit/hyperactivity disorder 
in the child. (Grade: Grade not assignable) 

o No evidence is available to determine the relationship between folic acid 
from fortified foods consumed before and during pregnancy and 
developmental milestones, including neurobehavioral development, in the 
child. (Grade: Grade not assignable) 

Lactation 

o No evidence is available to determine the relationship between folic acid 
from supplements or fortified foods consumed during lactation and 
developmental milestones, including neurobehavioral development, in the 
child. (Grade: Grade not assignable) 

Methods  

 Three literature searches were conducted using 4 databases (PubMed, Cochrane, 
Embase, and CINAHL) to identify articles that evaluated: 

o the intervention or exposure of folic acid from supplements and/or fortified 
foods consumed before and during pregnancy and lactation and the 
outcomes of 1) micronutrient status and 2) human milk composition 

o the intervention or exposure of folic acid from supplements and/or fortified 
foods consumed before and during pregnancy and the outcomes of 1) 
gestational diabetes and 2) hypertensive disorders during pregnancy 

o the intervention or exposure of folic acid from supplements and/or fortified 
foods consumed before and during pregnancy and lactation and the 
outcomes of developmental milestones, including neurocognitive 
development, in the child 

A manual search was conducted to identify articles that may not have been included 
in the electronic databases searched. Articles were screened by two NESR analysts 
independently for inclusion based on pre-determined criteria  

 Data extraction and risk of bias assessment were conducted for each included 
study, and both were checked for accuracy. The Committee qualitatively 
synthesized the body of evidence to inform development of a conclusion 
statement(s), and graded the strength of evidence using pre-established criteria for 
risk of bias, consistency, directness, precision, and generalizability. 
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Summary of the evidence 

Micronutrient status 

Pregnancy 

 Nine studies were identified through a literature search from 1980 to 2019 which 
met the criteria for inclusion in this systematic review. Studies included in this review 
assessed interventions and exposures before and/or during pregnancy: 6 
randomized controlled trials (RCTs), 2 prospective cohort studies (PCSs), and 1 
retrospective cohort study. 

 Studies varied in intervention details, including:  
o Folic acid supplement type (folic acid or 5-methyl tetrahydrofolate [5-

MTHF]).  
o Dose and comparator: 

 Three RCTs and 2 cohort studies compared no folic acid supplementation 
to folic acid supplementation (RCTs: 350 µg/d to 1.0 mg/d; cohorts: 400 
µg/d or dose unknown). 

 Two RCTs compared different levels of folic acid supplementation (330 
µg/d vs 730 µg/d; 1.1 mg/d vs 5.0 mg/d). 

 One RCT compared folic acid to 5-MTHF supplementation at the same 
dose (1.0 mg/d). 

o Duration (2, 3, 5.5, 7, or 12 months). 

 Of the 5 outcome measures defined in the analytic framework, all but red blood cell 
(RBC) distribution width were reported in the body of evidence.  

 All but 1 study found a significant association between folic acid supplementation 
and at least one outcome measure. 

 All 9 studies (6 RCTs; 3 PCSs) assessed plasma or serum folate.  
o Of those, 6 found that supplementation was associated with higher values 

on at least 1 measure of plasma or serum folate and 2 found no association. 
Another study compared supplementation with folic acid vs 5-MTHF and 
found that both groups increased over time.  

 Six studies (4 RCTs; 2 PCSs) assessed RBC folate. 
o Five found that supplementation was associated with higher values on at 

least 1 measure of RBC folate and 1 found no association. 

 Three studies (2 RCTs; 1 retrospective cohort) assessed hemoglobin. The findings 
were inconsistent; therefore a conclusion statement could not be drawn. 

 Of the 2 RCTs that assessed mean corpuscular volume (MCV), neither found a 
significant effect on MCV, but study limitations and the small number of studies 
provided insufficient evidence to draw a conclusion.  

 Only 1 RCT assessed the effect of supplementation on vitamin B12; therefore, a 
conclusion could not be drawn. 

 The body of evidence had important limitations: 
o None of the studies preregistered data analysis plans, indicating a risk of 

bias due to selectivity in results presented. 
o The cohort studies did not adequately account for potential confounding. 
o Risk of bias due to classification of exposures or deviations from intended 

exposures was a concern for the cohort studies. 
o The study populations did not fully represent the racial/ethnic or 
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socioeconomic diversity of the U.S. population.  
o No studies met the inclusion criteria that examined the effect of intake of 

folic acid from fortified foods on the outcome of interest. 

Lactation 

 Five articles from 4 studies were identified through a literature search from 1980 to 
2019, which met the criteria for inclusion in this systematic review. Studies included 
in this review assessed interventions and exposures during lactation: 3 RCTs, 1 
uncontrolled before-and-after study, and 1 PCS that was nested within one of the 
RCTs. 

 Studies varied in intervention details. including:  
o Folic acid supplement type (folic acid or 5-methyltetrahydrofolate [5-MTHF])  
o Dose and comparator  

 Three RCTs and 1 PCS compared no folic acid supplementation to folic 
acid supplementation (300 µg/d to 1.0 mg/d) 

 One RCT also compared folic acid to 5-MTHF supplementation at the 
same dose (400 µg/d) 

 One uncontrolled before-and-after study compared folate levels before to 
after supplementation of 1.0 mg/d synthetic folic acid  

o Duration (1 month, 3 months, 4 months)  
 Of the 5 outcome measures defined in the analytic framework, all but RBC 

distribution width were reported in the body of evidence. 
 All studies found a significant association between folic acid supplementation and at 

least 1 outcome measure. 
 All 4 studies assessed plasma or serum folate:  

o Four studies (5 articles: 3 RCTs; 1 PCS; 1 uncontrolled before-and-after 
study) assessed the relationship between folic acid from supplements during 
lactation. Two found that supplementation was associated with higher 
values on at least 1 measure of plasma/serum folate and two found no 
association. 

 All 4 studies assessed RBC folate. 
o All 4 studies (5 articles: 3 RCTs; 1 PCS; 1 uncontrolled before-and-after 

study) that assessed supplementation during lactation found that 
supplementation was associated with higher values on at least one measure 
of RBC folate. 

 Two RCTs assessed hemoglobin. The findings were inconsistent and therefore a 
conclusion statement could not be drawn. 

 One RCT each assessed the effect of supplementation on MCV or vitamin B12 
status; therefore, conclusions could not be drawn. 

 This body of evidence had important limitations:  
o None of the studies preregistered data analysis plans, indicating a potential 

risk of bias due to selectivity in results presented.  
o Neither the PCS nor the uncontrolled before-and-after study adequately 

accounted for potential confounding. 
o Risk of bias due to classification of exposures or deviations from intended 

exposures was a concern for the cohort study and the uncontrolled before-
and-after study. 
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o The study populations did not fully represent the racial/ethnic or 
socioeconomic diversity of the U.S. population.  

o No studies that examined the effect of intake of folic acid from fortified foods 
on the outcome of interest met the inclusion criteria.  

Gestational diabetes 

 One non-RCT (NRCT) that met the criteria for inclusion in this systematic review 
was identified through a literature search from 1980 to 2019. 

 This study found that women who consumed folic acid supplementation based on 
genotype and stage of pregnancy had significantly fewer cases of gestational 
diabetes compared to women who did not consume folic acid supplements before or 
during pregnancy. 

 The evidence had several limitations: 
o No baseline data on study groups were provided for comparison. 
o Intervention methods and adherence were not clear. 
o Results by subgroup were not reported. 
o Consistency could not be assessed with only 1 study. 

Hypertensive disorders of pregnancy 

 Eight studies, including 3 RCTs, 2 NRCTs, and 3 PCSs, met the criteria for inclusion 
in this systematic review, which were identified through a literature search from 
1980 to 2019.   

 The 3 RCTs compared 5.0 mg/d of folic acid supplementation to a lower-dose of 
either 0.5 mg/d (2 studies) or 1.0 mg/d (1 study) from early pregnancy through 
delivery. The folic acid supplementation dose had no effect on incidence of 
gestational hypertension, preeclampsia, or eclampsia. None of the studies 
compared folic acid supplementation to a control group with no folic acid 
supplementation.  

 The 2 NRCTs found a statistically significant association of folic acid 
supplementation (15 mg/d of 5-MTHF in one study; 400-800 µg/d in another study) 
from early pregnancy through delivery on risk of gestational hypertension or 
preeclampsia compared to a control group with no folic acid supplementation. One 
NRCT was among a high-risk population (women who had preeclampsia in their 
preceding pregnancy); the other had methodological limitations related to exposure, 
outcome assessment, and analysis.  

 The 3 PCSs reported mixed results. One study found an association between folic 
acid use in the first trimester and lower incidence of preeclampsia in the full study 
sample, and specifically among those with a BMI ≥25 kg/m2; another study found a 
statistically significant association between folic acid use at 12 to 20 weeks 
gestation and lower incidence of preeclampsia among high-risk women. A third 
study did not find a significant association between folic acid supplementation pre 
and/or post-conception (Four weeks before to 8 weeks after last menstrual period) 
and preeclampsia. In addition to problems related to confounding, these studies did 
not account for potential changes in folic acid supplementation during pregnancy. 

 No articles were identified that met the inclusion criteria related to folic acid intake 
from fortified foods and risk of hypertensive disorders during pregnancy. 

Human milk composition 
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Pregnancy 

 No studies related to folic acid intake from supplements during pregnancy which 
met the criteria for inclusion in this systematic review were identified through a 
literature search from 1980 to 2019. 

Lactation 

 Four studies were identified through a literature search from 1980 to 2019, which 
met the criteria for inclusion in this systematic review: 3 RCTs and 1 uncontrolled 
before-and-after study.  

 Studies varied in intervention details, including folic acid supplement type (folic acid, 
5-methyltetrahydrofolate, or pteroylmonoglutamate), dose (300 µg/d, 400 µg/d, or 1 
mg/d), time of initiation (1 to 25 weeks postpartum), duration (4 weeks, 12 weeks, or 
16 weeks), and sample characteristics.  

 As defined by the inclusion criteria, all studies took place in high or very high Human 
Development Index countries; therefore, the participants were likely to be folate 
replete.  

 None of the studies found an association between folic acid supplementation in 
women who were lactating and milk folate levels.  

 This body of evidence had important limitations:  
o In one of the 3 RCTs, the reference group was not recruited and randomized 

with the other 2 study groups. In another study, milk folate was significantly 
different between the control and intervention groups at baseline, and this 
was not controlled for in the analyses.  

o Only 1 study reported a power calculation and that study did not reach the 
target sample size.  

o The study populations did not fully represent the racial/ethnic or 
socioeconomic diversity of the U.S. population.  

Neurocognitive development of the child 

Pregnancy 

 Six articles that met the criteria for inclusion in this systematic review were identified 
through a literature search from 1980 to 2019. The articles report findings from 4 
studies representing 4 outcome domains:  

o Cognitive development: 1 RCT; 2 articles. 
o Language and communication development: 1 PCS; 2 articles. 
o Social-emotional development: 1 RCT; 1 article. 
o ASD: 1 nested case-control study; 1 article. 

 Generally, folic acid supplementation before or during pregnancy was either not 
associated with or had a beneficial association with the included outcomes. 

 For cognitive development, findings were inconsistent; therefore a conclusion 
statement could not be drawn. 

 For social-emotional development, only 1 study was available and it had some 
limitations; therefore, a conclusion could not be drawn.  

 For language development, 2 articles were included from the Norwegian Mother and 
Child (MoBa) cohort. These articles reported a lower risk of severe language delay 
in children age 3 years whose mothers had taken folic acid supplements during 
early pregnancy compared to children whose mothers either did not take folic acid 
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during pregnancy or took folic acid supplements later in pregnancy.  

 For ASD, 1 nested case-control found a significant association between folic acid 
supplementation before pregnancy and during pregnancy and lower risk of ASD in 
children ages 8 to 12 years, compared to no folic acid supplementation. This was 
true for a number of subgroups within the sample, including children without 
siblings, males, females, children with low socioeconomic status, children with both 
parents with psychiatric diagnosis, and children without intellectual disabilities.  

 No evidence was found on whether folic acid supplementation before and/or during 
pregnancy was associated with other included outcomes: movement and physical 
development, academic performance, ADD or ADHD, anxiety, or depression. 

 No evidence was found on folic acid from supplements or fortified foods consumed 
before and during pregnancy and lactation and developmental milestones, including 
neurocognitive development. 

Lactation 

 The search identified 0 studies published between 1980 and 2019 that met the 
inclusion criteria.
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FULL REVIEW 

Systematic review question—Micronutrient status 

What is the relationship between folic acid from supplements and/or fortified foods 
consumed before and during pregnancy and lactation and micronutrient status? 

Conclusion statements and grades 

Pregnancy 

 Strong evidence indicates that folic acid supplements consumed before and/or 
during pregnancy are positively associated with folate status (serum, plasma, 
and/or red blood cell folate). (Grade: Strong) 

 Insufficient evidence is available to determine the relationship between folic acid 
from supplements consumed before and/or during pregnancy and hemoglobin, 
mean corpuscular volume, and serum vitamin B12. (Grade: Grade not assignable) 

 No evidence is available to determine the relationship between folic acid from 
supplements consumed before and/or during pregnancy and red blood cell 
distribution width. (Grade: Grade not assignable) 

 No evidence is available to determine the relationship between folic acid from 
fortified foods consumed before and/or during pregnancy and micronutrient status. 
(Grade: Grade not assignable) 

Lactation 

 Moderate evidence indicates that folic acid supplements consumed during lactation 
are positively associated with red blood cell folate, and may be positively 
associated with serum or plasma folate. (Grade: Moderate) 

 Insufficient evidence is available to determine the relationship between folic acid 
from supplements consumed during lactation and hemoglobin, mean corpuscular 
volume, and serum vitamin B12. (Grade: Grade not assignable) 

 No evidence is available to determine the relationship between folic acid from 
supplements consumed during lactation and red blood cell distribution width. 
(Grade: Grade not assignable) 

 No evidence is available to determine the relationship between folic acid from 
fortified foods consumed during lactation and micronutrient status. (Grade: Grade 
not assignable) 

Summary of the evidence 

Pregnancy 

 Nine studies were identified through a literature search from 1980 to 2019 which 
met the criteria for inclusion in this systematic review.1-9 Studies included in this 
review assessed interventions and exposures before and/or during pregnancy: 6 
randomized controlled trials (RCTs), 2 prospective cohort studies (PCSs), and 1 
retrospective cohort study. 

 Studies varied in intervention details, including:  
o Folic acid supplement type (folic acid or 5-methyl tetrahydrofolate [5-

MTHF]).  
o Dose and comparator: 
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 Three RCTs and 2 cohort studies compared no folic acid supplementation 
to folic acid supplementation (RCTs: 350 µg/d to 1.0 mg/d; cohorts: 400 
µg/d or dose unknown). 

 Two RCTs compared different levels of folic acid supplementation (330 
µg/d vs 730 µg/d; 1.1 mg/d vs 5.0 mg/d). 

 One RCT compared folic acid to 5-MTHF supplementation at the same 
dose (1.0 mg/d). 

o Duration (2, 3, 5.5, 7, or 12 months). 

 Of the 5 outcome measures defined in the analytic framework, all but red blood cell 
(RBC) distribution width were reported in the body of evidence.  

 All but 1 study found a significant association between folic acid supplementation 
and at least one outcome measure. 

 All 9 studies (6 RCTs; 3 PCSs) assessed plasma or serum folate.  
o Of those, 6 found that supplementation was associated with higher values 

on at least 1 measure of plasma or serum folate and 2 found no association. 
Another study compared supplementation with folic acid vs 5-MTHF and 
found that both groups increased over time.  

 Six studies (4 RCTs; 2 PCSs) assessed RBC folate. 
o Five found that supplementation was associated with higher values on at 

least 1 measure of RBC folate and 1 found no association. 

 Three studies (2 RCTs; 1 retrospective cohort) assessed hemoglobin. The findings 
were inconsistent; therefore a conclusion statement could not be drawn. 

 Of the 2 RCTs that assessed mean corpuscular volume (MCV), neither found a 
significant effect on MCV, but study limitations and the small number of studies 
provided insufficient evidence to draw a conclusion.  

 Only 1 RCT assessed the effect of supplementation on vitamin B12; therefore, a 
conclusion could not be drawn. 

 The body of evidence had important limitations: 
o None of the studies preregistered data analysis plans, indicating a risk of 

bias due to selectivity in results presented. 
o The cohort studies did not adequately account for potential confounding. 
o Risk of bias due to classification of exposures or deviations from intended 

exposures was a concern for the cohort studies. 
o The study populations did not fully represent the racial/ethnic or 

socioeconomic diversity of the U.S. population.  
o No studies met the inclusion criteria that examined the effect of intake of 

folic acid from fortified foods on the outcome of interest. 

Lactation 

 Five articles from 4 studies were identified through a literature search from 1980 to 
2019 which met the criteria for inclusion in this systematic review.10-14 Studies 
included in this review assessed interventions and exposures during lactation: 3 
RCTs, 1 uncontrolled before-and-after study, and 1 PCS that was nested within one 
of the RCTs. 

 Studies varied in intervention details including:  
o Folic acid supplement type (folic acid or 5-methyltetrahydrofolate [5-MTHF])  
o Dose and comparator  
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 Three RCTs and 1 PCS compared no folic acid supplementation to folic 
acid supplementation (300 µg/d to 1.0 mg/d) 

 One RCT also compared folic acid to 5-MTHF supplementation at the 
same dose (400 µg/d) 

 One uncontrolled before-and-after study compared folate levels before to 
after supplementation of 1.0 mg/d synthetic folic acid  

o Duration (1 month, 3 months, 4 months)  
 Of the 5 outcome measures defined in the analytic framework, all but RBC 

distribution width were reported in the body of evidence.  
 All studies found a significant association between folic acid supplementation and at 

least 1 outcome measure. 
 All 4 studies assessed plasma or serum folate:  

o Four studies (5 articles: 3 RCTs; 1 PCS; 1 uncontrolled before-and-after 
study) assessed the relationship between folic acid from supplements during 
lactation. Two found that supplementation was associated with higher 
values on at least 1 measure of plasma/serum folate and two found no 
association. 

 All 4 studies assessed RBC folate. 
o All 4 studies (5 articles: 3 RCTs; 1 PCS; 1 uncontrolled before-and-after 

study) that assessed supplementation during lactation found that 
supplementation was associated with higher values on at least one measure 
of RBC folate. 

 Two RCTs assessed hemoglobin. The findings were inconsistent and therefore a 
conclusion statement could not be drawn. 

 One RCT each assessed the effect of supplementation on MCV or vitamin B12 
status; therefore, conclusions could not be drawn. 

 This body of evidence had important limitations:  
o None of the studies preregistered data analysis plans, indicating a potential 

risk of bias due to selectivity in results presented.  
o Neither the PCS nor the uncontrolled before-and-after study adequately 

accounted for potential confounding. 
o Risk of bias due to classification of exposures or deviations from intended 

exposures was a concern for the cohort study and the uncontrolled before-
and-after study. 

o The study populations did not fully represent the racial/ethnic or 
socioeconomic diversity of the U.S. population.  

o No studies that examined the effect of intake of folic acid from fortified foods 
on the outcome of interest met the inclusion criteria.  
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Description of the evidence 

This systematic review included articles that address the relationship between folic 
acid from supplements and/or fortified foodsii consumed before and during pregnancy 
and lactation and micronutrient status. The search included articles from countries 
categorized as high or very high on the Human Development Index (HDI)iii and were 
published between January 1980 and June 2019. Studies included generally healthy 
women up to 6 months before pregnancy, during pregnancy, or during lactation at the 
time of the intervention or exposure. Study designs included were: RCTs, non-
randomized controlled trials (NRCT), prospective and retrospective cohort studies, 
nested case-control studies, and uncontrolled before-and-after.  

Thirteen studies (fourteen articles) were included in the body of evidence (see Figure 
6).1-14 Basic characteristics of the studies are shown in Table 1, Table 2, and Table 3. 
Nine studies were RCTs,1-6,10-12 and the remaining studies included 3 PCSs,7,8,13 1 
retrospective cohort study,9 and 1 uncontrolled before-and-after study.14 

According to the inclusion criteria, all studies enrolled women from countries with a 
high or very high HDI rating, including 3 studies (4 articles) from Canada,6,10,11,13 2 
from the United States,2,12 and 1 study each from France,1 Germany,8 Iran,3 Ireland,7 
Japan,14 Mexico,4 Turkey,9 and the United Kingdom.5 

The included studies examined the effect of folic acid supplementation before and/or 
during pregnancy or lactation on folate status, while no studies examined the effect of 
folic acid from fortified foods on the outcome of interest. The sample size in these 13 
studies ranged from 12 to 397, with group samples ranging from 16 to 294. The study 
populations do not fully represent the racial/ethnic or socioeconomic diversity of the 
U.S. population.  

 
Participant characteristics 
There was some variation in participant characteristics. While nearly all of the studies 
included women with mean ages of 26 to 34 years, one study included women aged 
18 to 35 years2 and another was conducted in a population of adolescent girls with a 
mean age of 17 years.11 Of the four studies that reported data on race or 

                                            

ii Dietary supplement was defined as a product (other than tobacco) that: is intended to supplement the 
diet; contains one or more dietary ingredients (including vitamins; minerals; herbs or other botanicals; 
amino acids; and other substances) or their constituents; is intended to be taken by mouth as a pill, 
capsule, tablet, or liquid; and is labeled on the front panel as being a dietary supplement (ODS; Dietary 
Supplement Health and Education Act, 1994). Fortification was defined as the deliberate addition of one 
or more essential nutrients to a food, whether or not it is normally contained in the food (FDA). 
iii The Human Development classification was based on the Human Development Index (HDI) ranking 
from the year the study intervention occurred or data were collected (UN Development Program. HDI 
1990-2017 HDRO calculations based on data from UNDESA (2017a), UNESCO Institute for Statistics 
(2018), United Nations Statistics Division (2018b), World Bank (2018b), Barro and Lee (2016) and IMF 
(2018). Available from: http://hdr.undp.org/en/data). If the study did not report the year in which the 
intervention occurred or data were collected, the HDI classification for the year of publication was 
applied. HDI values are available from 1980, and then from 1990 to present. If a study was conducted 
prior to 1990, the HDI classification from 1990 was applied. When a country was not included in the HDI 
ranking, the current country classification from the World Bank was used instead (The World Bank. 
World Bank country and lending groups. Available from: 
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world- country-and-lending-groups). 

http://hdr.undp.org/en/data
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-
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ethnicity,5,6,11,12 nearly all participants were identified as White. In 3 studies (4 articles), 
participants had college degrees and/or were from relatively high socioeconomic 
backgrounds.6,10,12,13  Another two studies recruited women from primarily middle or 
lower socioeconomic backgrounds.1,11 The study in Japan reported that participants 
were all from the same socioeconomic group, but did not provide additional details.14 
The remaining studies did not provide information on socioeconomic status. 

Interventions/Exposures 

Dose and composition 

 The form of folic acid supplement varied across studies, and included: folic acid,2,3,5-

9,11,12,14 5-methyltetrathydrofolate (5-MTHF),3,10,13 and folinic acid.4 Ten studies 
compared some level of folic acid supplementation to no folic acid. This included 4 
RCTs that compared either 300 µg/d, 400 µg/d, or 1.0 mg/d folic acid to a 
placebo5,10-12; 2 RCTs that compared an iron supplement with and without folic acid 
(350 µg/d1 or 370 µg/d4); 1 uncontrolled before-and-after study that compared folate 
levels before taking folic acid to 4 weeks after taking 1 mg/d folic acid; and 3 cohort 
studies that compared women who took folic acid supplements to women who did 
not.7-9  

 Two studies compared a higher dose with a lower dose of folic acid: Shere et al6 
compared 1.1 mg/d to 5.0 mg/d folic acid, and Caudill et al2 compared 330 µg/d to 
730 µg/d folic acid. 

 Two studies (3 articles) included a study arm with 5-MTHF in addition to an arm with 
folic acid.3,10,13  

 No studies met the inclusion criteria related to folic acid intake from fortified foods on 
micronutrient status. 

Timing of exposure 

 Before and/or during pregnancy: Nine of the included studies initiated 
supplementation before or during pregnancy. Of these, three studies began 
supplementation before conception; 2 lasted for 12 months3,6 and the duration was 
not clear in 1 study.9 Two studies examined exposure to folate supplementation in 
each trimester.7,8 Three studies initiated supplementation during the second trimester 
(after gestational week 13) and lasted for either 60 days,4 12 weeks,2 or 22 weeks,5 
although in one study all women,4 and in another study most women, took a folic 
acid supplement during the first trimester of pregnancy. Another study began 
supplementation at gestational week 28 and lasted until delivery.1 

 During lactation: Of the 4 studies that examined postnatal folate supplementation, 2 
initiated supplementation 1 week postpartum, and lasted either 12 weeks11 or 16 
weeks.10,13 One initiated supplementation at 3 months postpartum and had a 12-
week duration.12 In the uncontrolled before-and-after study, timing of initiation ranged 
from 3 to 25 weeks postpartum and intervention lasted 4 weeks.14 

 
Outcome 

Of the predetermined outcome measures for micronutrient status (see Figure 1), all 
except red blood cell distribution width were reported in this evidence base to varying 
degrees (Table 1). All 13 studies examined serum or plasma folate. Of those, 9 
studies (6 RCTs,1-6 2 PCSs,7,8 and 1 retrospective cohort study9) examined exposure 
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before and/or during pregnancy, and 4 studies (5 articles: 3 RCTs,10-12 1 prospective 
cohort study,13 and 1 uncontrolled before-and-after14) examined exposure during 
lactation. 

Ten studies assessed RBC folate, including 6 studies (4 RCTs1,2,5,6; 2 PCSs7,8) that 
examined supplementation before and/or during pregnancy. Four studies (5 articles: 3 
RCTs,10-12 1 prospective cohort study,13 and 1 uncontrolled before-and-after14) 
assessed supplementation during lactation.  

Five studies assessed hemoglobin, including 3 studies (2 RCTs1,4; 1 retrospective 
cohort9) that examined supplementation before and/or during pregnancy and 2 
RCTs11,12 that assessed the effect of supplementation during lactation. 

Of the 3 RCTs that assessed MCV, 2 assessed the effect of supplementation before 
and/or during pregnancy1,4 and 1 during lacation.12  

Two RCTs assessed the effect of supplementation on vitamin B12 status during 
pregnancy5 or lactation.11 

Two studies reported folate deficiency, defined as either RBC folate <320 nmol/L8 or 
serum folate <4.5 ng/mL,9 and 1 study reported serum tetrahydrofolate (THF), 5-
MTHF, 5-formyl-THF, and unmetabolized folic acid.10,13 
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Table 1. Overview of study characteristics and outcomes assessediv,v 

 
Intervention/ 
exposure 

  Outcomes       

Study Timing Design Comparisons Serum/Plasma  
Folate 

RBC 
Folate 

Hb MCV B12 Folate  
Deficiency 

Other 

Blot, 19811 Before and/or 
during Pregnancy 

RCT 105 mg/d Fe vs 105 mg/d 
Fe+ 350 mg/d FA 

X X X X . . . 

Caudill, 19972 Before and/or 
during Pregnancy 

RCT 330 µg/d FA vs 730 µg/d FA X X . . . . . 

Hekmatdoost, 
20153 

Before and/or 
during Pregnancy 

RCT 1.0 mg/d 5-MTHF vs 1.0 
mg/d FA 

X . . . . . . 

Juarez-Vazquez, 
20024 

Before and/or 
during Pregnancy 

RCT 80 mg/d Fe vs 80 mg 
Fe+0.370 mg Folinic Acid 

X . X X . . . 

McNulty, 20135 Before and/or 
during Pregnancy 

RCT 0 µg/d Placebo vs 400 µg/d 
FA 

X X . . X . . 

Shere, 20156 Before and/or 
during Pregnancy 

RCT 1.1 mg/d FA vs 5.0 mg/d FA X X . . . . . 

Holmes, 20057 Before and/or 
during Pregnancy 

PCS No FA vs FA (dose NR)  X X . . . . . 

Koebnick, 20018 Before and/or 
during Pregnancy 

PCS Continuous modelling  X X . . . X . 

Ozer, 20169 Before and/or 
during Pregnancy 

RCS No FA vs FA (400 µg/d) X . X . . X . 

Houghton, 
200610 (200713) 

Lactation RCT 
(PCS) 

0 µg/d Placebo vs 400 µg/d 
FA vs 400 µg/d 5-MTHF 

X X . . . . X 

Keizer, 199511 Lactation RCT 0 µg/d Placebo vs 300 µg/d 
FA 

X X X . X . . 

Mackey, 199912 Lactation RCT 0 mg/d Placebo vs 1 mg/d 
FA 

X X X X . . . 

                                            

iv FA: folic acid; Fe: iron; Hb: hemoglobin; MCV: mean corpuscular volume; MTHF: methyltetrahydrofolate; NR: not reported; PCS: prospective cohort 
study; RBC: red blood cell; RCS: retrospective cohort study; RCT: randomized controlled trial; Unc BA: uncontrolled before-and-after study; X: outcome 
was reported 
v “Other” includes: THF, 5-MTHF, 5-formylTHF, unmetabolized folic acid 
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Intervention/ 
exposure 

  Outcomes       

Tamura, 198014 Lactation Unc BA 1 mg/d FA: before vs after X X . . . . . 

Total (of 13)    13 10 5 3 2 2 1 
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Evidence synthesis   

Fourteen articles from 13 studies examining the relationship between folic acid intake 
before and during pregnancy and lactation on folate status were included in this 
review. All of the studies reported at least one statistically significant finding, thus 
publication bias is a potential concern with this body of evidence. 

Folate status (plasma, serum, and RBC folate): Supplementation before and/or 
during pregnancy 

Summary 

Nine studies assessed folate status, as measured by plasma, serum, and/or RBC 
folate.1-9 Despite a variety in supplement dose, composition, and comparator group, all 
but one study found at least one measure of folate status was statistically significantly 
related to folic acid supplementation before and/or during pregnancy.9  
 
Nine studies reported results for plasma folate3,4,6-8 or serum folate1-3,5,9 biomarkers 
that reflects recent folate intake (Table 1). These include 6 RCTs,1-6 2 prospective 
cohort studies,7,8 and 1 retrospective cohort study.9 The majority of studies (6 of 9) 
reported higher serum folate1,2,5 or plasma folate3,7,8 after folic acid supplementation 
compared to no supplementation or a lower dose of supplementation (Table 3). Three 
studies found no statistically significant association between folic acid supplementation 
and serum folate3,9 or plasma folate.4 Additionally, one RCT measured the change in 
plasma folate over time with supplementation of 1.1 mg/d or 5.0 mg/d folic acid during 
pregnancy.6 Plasma folate increased from baseline to 6 weeks gestation in both 
experimental groups followed by a decrease from 6 to 12 weeks gestation, with a 
faster rate of decline in the 5.0 mg/d group compared to the 1.1 mg/d group. 
Hekmatdoost et al3 compared the same dose of 2 forms of folic acid supplementation 
(1.0 mg/d 5-MTHF and 1.0 mg/d folic acid) from preconception to 20 weeks gestation 
on plasma folate. That study reported an increase in plasma folate over time in both 
groups, but the increase was greater in the 5-MTHF group.  
 
Six studies examined the relationship between folic acid supplementation and RBC 
folate levels, a biomarker of long-term folate status.1,2,5-8 Five of these reported a 
significant increase in RBC folate with supplementation of either folic acid or 5-MTHF, 
while one study found no statistically significant relationship.2  
 
Two cohort studies reported prevalence of folate deficiency, defined as either RBC 
folate <320 nmol/L8 or serum folate <4.5 ng/mL,9 as an outcome and found no 
statistically significant association between folic acid supplementation and prevalence 
of folate deficiency. 
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Assessment of the evidencevi 
The conclusion statement “evidence suggests that folic acid supplements consumed 
before and/or during pregnancy is positively associated with folate status (serum, 
plasma, and/or RBC folate)” was assigned a grade of strong. This conclusion 
statement is supported by 6 RCTs and 2 prospective cohort studies, and 1 
retrospective cohort study. As outlined and described below, the body of evidence 
examining folic acid supplementation before and/or during pregnancy and folate status 
was assessed for the following elements used when grading the strength of evidence: 

 Risk of Bias was considered strong (i.e., low risk) because the 6 RCTs had few 
concerns regarding risk of bias (Table 4). None of the included studies reported a 
pre-registered data analysis plan, suggesting a potential risk of bias due to selection 
of reported results. There was some concern about risk of bias regarding 
randomization for 2 of the 6 RCTs. Shere et al6 reported imbalanced plasma folate 
at baseline between treatment groups and neither participants nor study staff were 
blinded post-randomization. The study by Caudill et al 2 did not report methods of 
randomization and provided little information on participant characteristics. For the 
cohort studies, the risk of bias was considered limited because there were many 
serious risks of bias (e.g. none of the 3 studies accounted for all key confounders, 
and all 3 had risk of bias due to classification of exposures because follow-up time 
from start of supplementation may have differed among women). Participants in the 
cohort studies may have begun taking folic acid supplements before study 
enrollment and may have changed exposure status prior to follow up. However, the 
results of the cohort studies mostly aligned with those of the RCTs, and strength of 
study design, along with the number of RCTs led to an overall grade of strong for 
risk of bias (Table 6). 

 Consistency was assigned a grade of strong because 5 of the 6 RCTs showed a 
positive association between supplementation and folate status, although 
Hekmatdoost3 did not have a true control group, because all women received 
similar quantities of folic acid in one of two forms. One RCT did not find a significant 
association4; however this inconsistency could be explained by the differences in 
population characteristics compared to the other RCTs (i.e., in the Juarez-Vazquez 
study,4 all women had iron deficiency anemia at recruitment), and the study was 
potentially underpowered to evaluate the relationship between supplementation and 
folate status. The cohort studies were assigned a grade of moderate for 
consistency, but were generally consistent with the results of the RCTs. 

 Directness was considered strong as the studies were designed to assess the 
exposure, comparator, outcomes, and population as outlined in the Analytic 
Framework (Figure 1). 

 Precision: Precision was strong for the 6 RCTs. Three of the 6 showed a 
statistically significant positive association between supplementation and folate 
status, as assessed by both serum/plasma folate and RBC folate. Two RCTs 
additionally found a mix of statistically significant and non-significant results across 

                                            

vi A detailed description of the methodology used for grading the strength of the evidence is available on 
the NESR website: https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-
reviews and in Part C of the following reference: Dietary Guidelines Advisory Committee. 2020. 
Scientific Report of the 2020 Dietary Guidelines Advisory Committee: Advisory Report to the Secretary 
of Agriculture and the Secretary of Health and Human Services. U.S. Department of Agriculture, 
Agricultural Research Service, Washington, DC. 

https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews


 
 

33  

multiple biomarkers, which could be explained by small sample size2 or lack of a 
true control group.3 One RCT found no statistically significant association with 
serum folate, which could be due to sample characteristics.4 Two RCTs did not 
report power calculations or sample size estimates,1,2 and 2 reported insufficient 
analytic sample sizes according power analyses.4,6 Precision was graded as 
moderate for the 3 cohort studies. 

 Generalizability: The RCTs were graded as moderate for generalizability because 
only 1 of the 6 was conducted in the United States, and had limited racial/ethnicity 
and socioeconomic diversity. The cohort studies were considered limited because 
none of the 3 studies reported information on either race/ethnicity or socioeconomic 
status. 

 

Folate status (plasma, serum, and RBC folate): Supplementation during lactation 

Summary 

Four studies (5 articles) reported results for plasma folate,10-14 including 3 RCTs,10-12, 1 
prospective cohort study,13 and 1 uncontrolled before-and-after study14 (Table 1). No 
studies reported results for serum folate. Two studies reported higher plasma folate 
after folic acid supplementation compared to no supplementation (Table 3).10,13,14 Two 
studies found no statistically significant association between folic acid supplementation 
and plasma folate.11,12  
 
The same four studies examined the relationship between folic acid supplementation 
and RBC folate levels, and all reported a significant increase in RBC folate with 
supplementation of either folic acid or 5-MTHF.10-14  
 
One RCT measured additional folate biomarkers and found significantly higher levels 
of plasma 5-formyl-THF after 16 weeks of folic acid supplementation in lactating 
women compared to women taking a placebo.10 There were no significant effects on 
THF, 5-MTHF, or unmetabolized folic acid in serum between the groups. 

Assessment of the evidencevii 

The conclusion statement “evidence suggests that folic acid supplements consumed 
during lactation is positively associated with RBC folate, and may be positively 
associated with serum/plasma folate” was graded as moderate. This conclusion 
statement is supported by 3 RCTs and 1 prospective cohort study, and 1 uncontrolled 
before-and-after study. As outlined and described below, the body of evidence 
examining folic acid supplementation during lactation and RBC folate was assessed 
for the following elements used when grading the strength of evidence: 

 Risk of Bias was moderate for the 3 RCTs. None of the included studies reported a 
pre-registered data analysis plan, resulting in risk of bias due to selection of 

                                            

vii A detailed description of the methodology used for grading the strength of the evidence is available on 
the NESR website: https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-
reviews and in Part C of the following reference: Dietary Guidelines Advisory Committee. 2020. 
Scientific Report of the 2020 Dietary Guidelines Advisory Committee: Advisory Report to the Secretary 
of Agriculture and the Secretary of Health and Human Services. U.S. Department of Agriculture, 
Agricultural Research Service, Washington, DC. 

https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
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reported results. There was some concern about risk of bias regarding 
randomization because Houghton et al10,13 included a group of women taking folic 
acid supplements who were not randomized, and there were differences in plasma 
and RBC folate at baseline between treatment groups. The cohort and uncontrolled 
before-and-after studies were considered limited because both had serious risk of 
confounding (Table 4, Table 5, and Table 6). Further, the study by Tamura et al14 
did not include a control group, reported very little information on participant 
characteristics and no information on statistical analyses conducted. 

 Consistency was strong for the RCTs, but a grade could not be assigned for the 
cohort or uncontrolled before-and-after studies. 

 Directness was considered strong as the studies were designed to assess the 
exposure, comparator, outcomes, and population as outlined in the Analytic 
Framework (Figure 1). 

 Precision was moderate for the RCTs, but a grade could not be assigned for the 
cohort or uncontrolled before-and-after studies. 

 Generalizability was considered moderate for RCTs and limited for the cohort and 
uncontrolled before-and-after studies because only 1 study was conducted in the 
United States; most participants were from relatively high socioeconomic 
backgrounds, with little racial/ethnic diversity reported. 

 

Hemoglobin: Supplementation before and/or during pregnancy 

Summary 

Three studies assessed hemoglobin levels after folic acid supplementation before 
and/or during pregnancy, including 2 RCTs1,4 and 1 retrospective cohort study9 (Table 
1 and Table 3). One study found higher levels of hemoglobin in women after folic acid 
supplementation compared to women who did not take folic acid supplements.4 All 
women in that study were iron-deficient anemic at baseline. The remaining 2 found no 
statistically significant association between folic acid supplementation and hemoglobin 
levels.1,9 

Assessment of the evidence 

The small number of studies produced mixed results, with a lack of consistency in 
baseline iron status and treatment between studies. There were some concerns 
regarding risk of bias due to selection of reported results in the RCTs1,4 because 
neither study had preregistered data analysis plans (Table 4), and risk of bias due to 
confounding and classification of exposures in the retrospective cohort study9 (Table 
6). Therefore, there was insufficient evidence to determine the relationship between 
folic acid supplementation before and/or during pregnancy and hemoglobin levels, and 
the body of evidence was rated ‘grade not assignable.’ 
 

Hemoglobin: Supplementation during lactation 

Summary 

Two RCTs assessed hemoglobin levels after folic acid supplementation during 
lactation (Table 1 and Table 3).11,12 Mackey et al12 found higher levels of hemoglobin 
in women after folic acid supplementation compared to women who did not take folic 



 
 

35  

acid supplements, and Keizer et al11 found no statistically significant association 
between folic acid supplementation and hemoglobin levels. Differences in the 
intervention, including dose and timing of the intervention between Mackey et al (1 
mg/d from 3 to 6 months postpartum) and Keizer et al (300 µg/d from 1 to 12 weeks 
postpartum) did not clearly explain differences in the results. 
 

Assessment of the evidence 

The small number of studies produced mixed results, which were not clearly explained 
by the study methods. There were some concerns regarding one study, which did not 
report a power calculation or sample size estimate. Both studies had risk of bias due to 
selection of reported results because neither study had preregistered data analysis 
plans and risk of bias due to missing outcome data (Table 4).12 Therefore, there was 
insufficient evidence to determine the relationship between folic acid supplementation 
during lactation and hemoglobin levels, and the body of evidence was rated ‘grade not 
assignable.’ 
 

Mean corpuscular volume: Supplementation before and/or during pregnancy 

Summary 

Two RCTs assessed the relationship between folic acid supplementation during 
pregnancy and mean corpuscular volume (MCV), and neither found a significant 
association (Table 1 and Table 3).1,4 Notably, both studies provided iron supplements 
to all participants, and 1 study enrolled only women with iron deficiency anemia (Table 
2).4  

Assessment of the evidence 

Due to the small number of studies, concerns regarding substantial attrition (Table 2), 
and risk of bias due to selection in reporting bias because no studies pre-registered 
data analysis plans (Table 4), there was insufficient evidence to determine the 
relationship between folic acid supplementation before and/or during pregnancy and 
MCV. Therefore, the body of evidence was rated ‘grade not assignable.’ 
 

Mean corpuscular volume: Supplementation during lactation 

Summary 

One RCT assessed MCV levels after folic acid supplementation during lactation, and 
found no statistically significant association (Table 1 and Table 3).12  

Assessment of the evidence 

The body of evidence was composed of a single study, which had concerns regarding 
risk of bias due to selection of reported results because there was no pre-registered 
data analysis plan (Table 4). Therefore, there was insufficient evidence to determine 
the relationship between folic acid supplementation during lactation and MCV, and a 
grade was not assignable. 
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Vitamin B12: Supplementation before and/or during pregnancy 

Summary 
One RCT assessed serum vitamin B12 after folic acid supplementation during 
pregnancy, and found no statistically significant association (Table 1 and Table 3).5  

Assessment of the evidence 
The body of evidence was composed of a single study, which had concerns regarding 
risk of bias due to selection of reported results because there was no pre-registered 
data analysis plan (Table 4). Therefore, there was insufficient evidence to determine 
the relationship between folic acid supplementation before and/or during pregnancy 
and vitamin B12 levels, and a grade was not assignable. 

 

Vitamin B12: Supplementation during lactation 

Summary 
One RCT assessed plasma vitamin B12 after folic acid supplementation during 
lactation, and found no statistically significant association (Table 1 and Table 3).11  

Assessment of the evidence 
The body of evidence was composed of a single study, which had concerns regarding 
risk of bias due to selection of reported results because there was no pre-registered 
data analysis plan and due to missing outcome data (Table 4). Therefore, there was 
insufficient evidence to determine the relationship between folic acid supplementation 
during lactation and vitamin B12 levels, and a grade was not assignable. 
 

Red blood cell distribution width: Supplementation before and/or during 
pregnancy 

Summary 
No studies meeting the inclusion criteria for this review examined the relationship 
between folic acid supplementation before and/or during pregnancy and red blood cell 
distribution width, and therefore a grade was not assignable. 
 

Red blood cell distribution width: Supplementation during lactation 

Summary 
No studies meeting the inclusion criteria for this review examined the relationship 
between folic acid supplementation during lactation and red blood cell distribution 
width, and therefore a grade was not assignable. 
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Table 2. Description of studies examining the relationship between consumption of folic acid from dietary supplements 
and/or fortified foods during pregnancy and lactation and micronutrient statusviii, ix 

Study and Population Characteristics Intervention/Exposure and Outcome(s) 
Confounders Accounted for and Study 
Limitations 

Exposure Before and/or During Pregnancy   

Randomized Controlled Trials   

Blot, 19811 
RCT; France  
 
Baseline N=200  
Analytic N=109 (Attrition: 46%) 
Power Analysis: NR 
 
Baseline characteristics: 

 Maternal age: 27.5± 4.5y Race/Ethnicity: Origin: 
French 90%, Immigrants 10%  

 SES:  
o Occupation class of wife: Upper (I, II) 15%, 

Middle (III) 20%, Lower (32%), Other 8%, None 
16%; 

o Occupation class of husband: Upper (I, II) 34%, 
Middle (III) 22%, Lower (32%), Other 11%, 
None 0% 

 Parity: 0: 54%, 1: 35.5%, 2: 5.5%, ≥ 3: 5% 

 Folate deficiency: Serum folate ≤4 µg/L: n=72 
(36%), RBC folate <200 µg/L: n=52 (26%), MCV 
≥100 fL: n=13 

 GA at enrollment: 28wk 

 Source population: 11% in upper social classes 
(I and II), 56% in lower classes (III and IV) 

Exposure:  
Folic acid supplementation from 28wk of gestation to 
delivery; 2 groups (N=200):  

 Fe: 105 mg Fe + 500 mg ascorbic acid (Ref, analytic 
N=55)  

 Fe+FA: 350 mg/d FA + 105 mg Fe + 500 mg ascorbic 
acid (analytic N=54)* 

All women consumed iron and ascorbic acid 
*Authors report mg/d, but typo suspected  

 
Exposure assessment method: 
Double-blind; Each woman received 90 tablets, and 
instructed to take 1/d before breakfast until delivery. 
Mothers answered a questionnaire after delivery on 
treatment adherence and acceptability. 
 
Outcome: 

 Serum folate, RBC folate, Hemoglobin, MCV 
 
Outcome assessment method: 
Venous blood drawn at 28wk of gestation and at labor 
onset. Hemoglobin and red blood cell indices assessed 
using a Coulter counter. Competitive radioligand binding 
assay used to assess serum and total folate levels. RBC 

Confounders accounted for: 

 Maternal age SES Parity 
 
Not accounted for:  

 Key confounders: Race/ethnicity, 
Anthropometry, Smoking 

 Other factors considered: Substance use 
 
Limitations:  

 Power analysis NR, 46% attrition 

 No preregistered data analysis plan 

                                            

viii Values reported as mean± standard deviation, unless otherwise stated 
ix BMI: body mass index; d: day; FA: folic acid; Fe: iron; GA: gestational age; GWG: gestational weight gain; HPLC: high performance liquid 
chromatography; MCV: mean corpuscular volume; mo: month(s); MTHF: methyltetrahydrofolate; MTHFR: methyltetrahydrofolate reductase; NIH: National 
Institutes of Health; NR: not reported; NS: non-significant; PCS: prospective cohort study; RBC: red blood cell; RCS: retrospective cohort study; RCT: 
randomized controlled trial; RDA: recommended daily allowance; SEM: standard error of the mean; SES: socioeconomic status; USDA: United States 
Department of Agriculture; wk: week(s); y: year(s) 
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Study and Population Characteristics Intervention/Exposure and Outcome(s) 
Confounders Accounted for and Study 
Limitations 

 Serum folate at 28wk: social class IV (Mean=3.9 
µg/L) < social class I (Mean=5 µg/L) 

 
Funding Sources: 
NR 

folate determined as the difference between total and 
serum folate levels. 

Caudill, 19972 
RCT; United States 
 
Baseline N=12  
Analytic N=12 (Attrition: 0%) 
Power Analysis: NR 
 
Baseline characteristics: 

 Maternal age: Inclusion criterion: 18-35y  

 Folate deficiency: 0% 

 Smoking status: 0% 

 GWG: ~0.45 kg/wk 

 Substance use : No drug or alcohol use 
 
Funding Sources: 
NIH 

Exposure:  
Folic acid from supplements during 14wk to 25wk of 
gestation; 2 groups 

 330 µg/d (Ref, N=6)  

 730 µg/d (N=6) 
All women consumed study-provided diet containing 120 
µg/d folate. All women consumed a multivitamin 
supplement not including folic acid to provide, in 
combination with diet, RDA for all essential nutrients.   
 
Exposure assessment method: 
Commercially available folic acid used to prepare the 
folate supplements; content confirmed periodically via 
HPLC. 
 
Outcome: 

 Serum folate, RBC folate 
 
Outcome assessment method: 
Fasting venous blood collected into EDTA tubes at 
baseline and weekly thereafter for 12wk. Additional 
blood collected monthly in subsample. Samples stored at 
-20 °C until analysis. Serum and RBC folate 
concentrations determined microbiologically using 
Lactobaccillus casei. 

Confounders accounted for: 

 Smoking 
 
Not accounted for:  

 Key confounders: Maternal age, 
Race/ethnicity, SES, Anthropometry, 
Parity 

 Other factors considered:  
 
Limitations:  

 No information about randomization 

 Little information on participant 
characteristics 

 Power analysis NR 

 No preregistered data analysis plan 

Hekmatdoost, 20153 
RCT; Iran (Islamic Rep. of)  

 
Baseline N=220 (181 became pregnant within 6 
mo)  
Analytic N=135 (Attrition: 38.6%, 25.4%) 
Power Analysis: n=22 per group at 80% power to 
detect difference with a=0.05 in plasma folate of 

Exposure:  
Folic acid supplementation during <6mo preconception 
through 20wk gestation; 2 groups: 

 1 mg/d 5-MTHF (N=110 randomized, N=69 
pregnancies) 

 1 mg/d FA (N=110 randomized, N=66 pregnancies)  
 
Exposure assessment method: 

Confounders accounted for: 

 Maternal age, Anthropometry 
 
Not accounted for:  

 Key confounders: Race/ethnicity, SES, 
Smoking, Parity 

 Other factors considered:  
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Study and Population Characteristics Intervention/Exposure and Outcome(s) 
Confounders Accounted for and Study 
Limitations 

10 nmol/L. Included ten times additional samples 
to account for estimated loss to follow-up. 
 
Baseline characteristics: 

 Maternal age: Mean ~33.5y  

 MTHFR status:  
o 677CT: CC: n=109, CT: n=89, TT: n=22 
o 1298AC: AA: n=152, AC: n=49, CC: n=19 

 Prepregnancy BMI: ~29 

 Substance use: Alcohol or drug abuse excluded 

 GA at enrollment: ≤6mo preconception 

 Plasma folate at baseline: Mean ~17.7 nmol/L 

 Previous spontaneous abortions: ~3.6, ≥3: 100% 
 

Funding Sources: 
Avicenna Research Institute and National Institute 
of Nutrition Research 

Double blind RCT; Study visits occurred at baseline, 
after 8wk, and at gestational weeks 4, 8, 12, and 20. 
Supplements delivered every 4wk and participants 
instructed to return unused supplements at each visit. 
Adherence determined at each visit via pill counting and 
participants confirmed that capsules removed were 
taken as prescribed. Weekly telephone contacts 
encouraged adherence. 
 
Outcome: 

 Plasma folate 
 
Outcome assessment method: 
Folate concentrations in EDTA-treated plasma measured 
via immunoassay. MTHFR gene polymorphisms for 
C677T and A1298C evaluated at randomization. 

Limitations:  

 The doses not described as the same 
dietary folate equivalent 

 Statistical tests unclear 

 Likely insufficient sample sizes for MTHFR 
polymorphism analyses 

No preregistered data analysis plan 

Juarez-Vazquez, 20024 
RCT; Mexico  
 
Baseline N=371  
Analytic N=267 (Attrition: 28%) 
Power Analysis: n=150 per group at 80% power 
with one-tailed α=0.05 to detect 3 g/dL mean 
increase in hemoglobin in both groups and 
additional 20% increase in test group. Assumes 
10% drop-out rate. 
 
Baseline characteristics: 

 Maternal age: Mean ~25y  

 Parity: Gravidity ~1.7 

 Substance use: Alcohol or drug addiction 
excluded 

 GA at enrollment: ~20.5wk (range: 14-27) 

 Iron deficiency anemia (hemoglobin <11 g/dL 
and serum ferritin <lower limit of lab range): 
100%; 

 Weight at enrollment: ~59.5 kg 

Exposure:  
Folinic acid supplementation for 60d between 14-27wk of 
gestation, 2 groups: 

 80 mg Fe (Ref, N=182) 

 0.370 mg folinic acid + 80 mg Fe (N=189) 
No women received any treatment (concomitant or in the 
previous 30d) which could have interfered with 
hematopoiesis.  
 
Exposure assessment method: 
Double-blind RCT; Both test and reference drugs were 
administered in two daily doses of drinkable vials for 60 
days. 
 
Outcome: 

 Serum folate, Hemoglobin, MCV 
 
Outcome assessment method: 
Hemoglobin, full blood count, serum iron, transferrin 
saturation, ferritin and folate levels, evaluated at d30 
(intermediate evaluation — data not shown) and at d60. 

Confounders accounted for: 

 Maternal age, Parity 
 
Not accounted for:  

 Key confounders: Race/ethnicity, SES, 
Anthropometry, Smoking 

 Other factors considered:  
 
Limitations:  

 Attrition/group sample sizes less than 
power calculation  

 No preregistered analysis plan 
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Study and Population Characteristics Intervention/Exposure and Outcome(s) 
Confounders Accounted for and Study 
Limitations 

 
Funding Sources: 
NR 

McNulty, 20135 
RCT; United Kingdom  
 
Baseline N=190  
Analytic N=119 (Attrition: 37%) 
Power Analysis: n=60 per group at 80% power 
with a=0.05 to detect difference in homocysteine 
concentration of 0.5 mmol/L 

 
Baseline characteristics: 

 Maternal age: Mean ~28.6y  

 Race/Ethnicity: White: 100% 

 Parity: ~0.95 

 MTHFR status: CC: 41.3%, CT: 44.5%, TT: 
14.3% 

 Smoking status: 16.8% 

 Prepregnancy BMI: at 14 wk gestation: ~24.7 

 GA at enrollment: 12.8wk 
 
Funding Sources: 
Northern Ireland Department for Employment and 
Learning 

Exposure:  
Folic acid supplementation during 14-36wk gestation; 2 
groups: 

 0 µg/d FA (Ref, N=94) 

 400 µg/d FA (N=90) 
All women took 400 µg/d FA supplements during the first 
trimester  
 
Exposure assessment method: 
Double-blind; Participants at 14wk stratified by tertiles of 
homocysteine concentrations, and women in each 
stratum randomly assigned to receive 400 mg FA/d or a 
placebo until delivery. FA and placebo tablets were 
identical in color, size, and shape. Supplements were 
distributed every 4wk in 7-d pillboxes. The number of 
unused tablets was recorded to monitor adherence. No 
mandatory FA fortification in this region, but FA-fortified 
foods regularly consumed by the majority of sample. 
 
Outcome: 

 Serum folate, RBC folate, Serum vitamin B12 
 
Outcome assessment method: 
Nonfasting blood samples collected at 14wk and 36 wk 
gestation. All samples were refrigerated, processed, and 
stored at -80C for batch analysis at study end. 
Microbiological assays used; samples were analyzed 
blind, and quality control addressed with repeated 
analysis of stored batches of pooled samples that 
covered a wide range of values. 

Confounders accounted for: 

 Maternal age, Race/ethnicity, 
Anthropometry, Smoking Status, Parity 

 
Not accounted for:  

 Key confounders: SES 

 Other factors considered: Substance use 
 
Limitations:  

 No preregistered data analysis plan 

Shere, 20156 
RCT; Canada  
 
Baseline N=87  
Analytic N=37 (Attrition: 57%) 

Exposure:  
Folic acid supplementation during 3mo preconception 
through delivery; 2 groups: 

 1.1 mg/d FA (Ref, Baseline N=45) 

 5.0 mg/d FA (Baseline N=42) 

Confounders accounted for: 

 Maternal age, Race/ethnicity, SES, 
Anthropometry, Smoking Status, Parity 

 
Not accounted for:  
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Study and Population Characteristics Intervention/Exposure and Outcome(s) 
Confounders Accounted for and Study 
Limitations 

Power Analysis: n=20 per group at 85% power 
with a=0.05 to detect differences in risk reduction 
of neural tube defects of 40% 
 
Baseline characteristics: 

 Maternal age: Mean ~31y  

 Race/Ethnicity:  
o Caucasian: ~51% 
o Black: ~7%  
o Asian: ~8% 
o Hispanic: ~11% 
o South Asian: ~11% 
o Other: ~8%  

 SES:  
o Education: College 14%, University 46%, Post-

graduate 30% High school 11% 
o Employment: Full-time 57%, Part-time 22%, 

Student 3%, Not employed 19% 
o Marital status: Single 5%, In a relationship 11%, 

Engaged 3%, Married 81% 

 Parity: 0: 62%, 1: 30%, 2: 8% 

 Smoking status: 5.4% 

 Prepregnancy BMI: Weight: ~67 kg 

 Substance use: Alcohol (socially): 32.4% 

 GA at enrollment: 3mo before conception to 6wk 
gestation 

 
Funding Sources: 
Duchesnay Inc., Blainville, Quebec 

All women received: Calcium (300 mg), Vitamin B12 
(12mg), and Vitamin D (250 IU), Beta carotene (2700 
IU), Thiamine (3 mg), Riboflavin (3.4 mg), Vitamin E (30 
IU), Vitamin C (120 mg), Niacinamide (20 mg), 
Pantothenic acid (5 mg), Magnesium (50 mg), Iodine 
(0.15 mg), Iron (35 mg as ferrous fumarate), Copper (2 
mg), and Zinc (15 mg) 
 

Exposure assessment method: 
Open-label, 2-arm, randomized clinical trial. Post-
randomization, study coordinator and participants were 
not blinded to the study drug. Supplements were same 
size and identical in the quantity of other vitamins and 
minerals, except folic acid. Women received a 3-month 
supply of assigned multivitamin at baseline and pills 
were replenished at clinic visits. Women advised to leave 
each missed tablet in blister pack, and to bring all blister 
packs with them to clinic visits and appointments. 
Adherence calculated by pill counts: ~95.9%. Mean 
adherence decreased in women planning a pregnancy 
for >3-4mo, and increased again upon discovery of a 
pregnancy. 
 

Outcome: 

 Plasma folate, RBC folate at baseline (3mo pre-
conception to 6wk gestation), 6wk, 12wk, and 30wk 
gestation 

 
Outcome assessment method: 
Fasted blood samples collected in EDTA-vacutainer 
tubes, which were shielded from light and placed on ice, 
processed, and stored at -80C. RBC and plasma folate 
measured via chemiluminescent immunoassay. 

 Key confounders: None 

 Other factors considered: None 
 
Limitations:  

 Randomization: difference between 
groups for plasma folate, no blinding post-
randomization 

 Analytic n less than power calculation 

 No preregistered data analysis plan 

Cohort Studies   

Holmes, 20057 
PCS; Ireland 
 
Baseline N=120  

Exposure:  
Folic acid supplement intake during 12 to 35wk of 
gestation; 2 groups:  

Confounders accounted for: 

 Anthropometry, Smoking Status 
 
Not accounted for:  
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Study and Population Characteristics Intervention/Exposure and Outcome(s) 
Confounders Accounted for and Study 
Limitations 

Analytic N=101 (Attrition: 16%) 
Power Analysis: NR 
 
Baseline characteristics: 

 Maternal age: Mean± SD: 28.8y± 5.6 

 MTHFR status: CC: 44.5%, CT: 41.6%, 12.9% 

 Smoking status: 30% 

 BMI: at 12wk: 25.3± 4.7 
 
Funding Sources: 
Health and Personal Social Services Research 
and Development Office, U.K.; Abbott GmbH 

 No FA: (Ref, n=10 at 12wk, n=74 at 20wk, n=71 at 
35wk) 

 FA: (n=91 at 12wk, n=27 at 20wk, n=30 at 35wk) 
Dose and frequency NR 
 
Exposure assessment method: 
Participants questioned about use of vitamin and mineral 
supplements at each time-point, and any folic acid 
supplementation was noted. 
 
Outcome: 

 Plasma folate, RBC folate 
 
Outcome assessment method: 
Nonfasting blood collected into aluminum foil-wrapped 
EDTA tubes at 12, 20, and 35wk of gestation and in a 
subgroup at 3d postpartum. After centrifugation, plasma 
and red blood cell lysates stored at -70 °C until batch 
analysis at study end. Plasma and RBC folate assessed 
via microbiological assay. 

 Key confounders: Maternal age, 
Race/ethnicity, SES, Parity 

 Other factors considered: Substance use 
 
Limitations:  

 No power calculation (low group n's) 

 Exposure status not well defined (dose, 
frequency NR)  

 Changes in exposure status over time 

 No preregistered analysis plan 

 Not clear if FA-containing multivitamin 
supplements were included in FA group 

Koebnick, 20018 
PCS; Germany  
 
Baseline N=201  
Analytic N=109 (Attrition: 46%) 
Power Analysis: NR 
 
Baseline characteristics: 

 Maternal age: Mean ~30.2y  

 Parity: ~1.8; ~48% primiparous 

 Smoking status: ~9% 

 Prepregnancy BMI: ~22 
 
Funding Sources: 
NR 

Exposure:  
Folate supplementation at 9-12wk, 20-22wk, and/or 36-
38wk gestation modeled continuously; based on dietary 
patterns:  

 Predominantly vegetarian diet, n=70 (ovo-lacto 
vegetarians: n=27; low meat eaters: n=43)  

 Average Western diet, n=39  
 
Exposure assessment method: 
Folate supplementation assessed via questionnaire. Diet 
type and food folate based on validated semiquantitative 
FFQ for 4d in each trimester. No calculation of dietary 
folate equivalents for folate-enriched foods. Folate 
concentrations in fortified juices taken from producer’s 
data.  
 
Outcome: 

Confounders accounted for: 

 Maternal age, Anthropometry, Smoking 
Status, Parity 

 
Not accounted for:  

 Key confounders: Race/ethnicity, SES 

 Other factors considered: Substance use 
 
Limitations:  

 Start of exposure and follow-up does not 
coincide for most participants 

 Exposure data is self-report; dose 
unknown 

 Power analysis, analytic n NR 

 Missing data not accounted for 

 No preregistered data analysis plan 
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Study and Population Characteristics Intervention/Exposure and Outcome(s) 
Confounders Accounted for and Study 
Limitations 

 Plasma folate, RBC folate, Incidence of folate 
deficiency 

 
Outcome assessment method: 
Overnight fasting, venous blood was drawn. Plasma was 
separated from RBCs and stored at ~4-7 °C. Plasma and 
RBC folate concentrations determined with a 
chemiluminescent competitive protein binding assay. 
Folate deficiency defined as RBC folate <320 nmol/L. 

Ozer, 20169 
RCS; Turkey  
 
Baseline N=397  
Analytic N=397 (Attrition: 0%) 
Power Analysis: NR 
 
Baseline characteristics: 

 Maternal age: ~26y  

 Parity: 1.2 

 Smoking status: Excluded 

 Prepregnancy BMI: 24.8 

 Substance use: alcohol abuse excluded 

 Infant born ≤37 wk gestation: Preterm birth: n=31 
(7.8%) 

 GA at enrollment: 8wk 

 Prepregnancy serum iron (μg/dL, Mean± SD): 
No FA: 75.2±4.6; 400 µg/d FA: 87.5±9.1, p=0.04 

 
Funding Sources: 
NR 

Exposure:  
Folic acid supplementation; 2 groups: 

 No FA before or during pregnancy (Ref, n=294) 

 FA from preconception, 400 µg/d (n=103)  
 
Exposure assessment method: 
Women identified and grouped retrospectively according 
to the receipt of periconceptional folate supplementation. 
 
Outcome: 

 Serum folate, Hemoglobin, Incidence of folate 
deficiency 

 
Outcome assessment method: 
Serum folate concentrations measured using 
chemiluminescent immunoassay. Folate deficiency 
diagnosed if serum folate <4.5 ng/ml. 

Confounders accounted for: 

 Maternal age, Anthropometry, Smoking 
Status, Parity 

 
Not accounted for:  

 Key confounders: Race/ethnicity, SES 

 Other factors considered:  
 
Limitations:  

 Start of follow up and exposure may not 
be the same for all participants 

 Methods are not well defined, and may not 
represent the exposure of interest 

 Not clear if FA-containing multivitamin 
supplements were included in FA group 

 No preregistered data analysis plan 

Exposure During Lactation   

RCTs   

Houghton, 200610 
RCT; Canada  
 
Baseline N=69  
Analytic N=64 (Attrition: 7%) 

Exposure:  
Folic acid supplementation during 1-16wk postpartum; 3 
groups:  

 Placebo (Ref, N=23) 

 400 µg/d folic acid (N=24, not randomized) 

Confounders accounted for: 

 Maternal age, SES, Smoking Status, 
Parity 

 
Not accounted for:  
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Study and Population Characteristics Intervention/Exposure and Outcome(s) 
Confounders Accounted for and Study 
Limitations 

Power Analysis: n=21 per group at 80% power 
with a=0.0167 to detect 1 SD difference in mean 
RBC folate between groups (delta=209 nmol/L; 
SD=225 nmol/L), based on Houghton's previous 
work among lactating adolescent mothers. n=26 
per group in anticipation of a 20% attrition rate. 
 
Baseline characteristics: 

 Maternal age: Mean ~32y  

 SES:  
o Education: Community college or university 

degree: 93% 
o Annual Family Income: ≥$75,000/y: 76% 

 Parity: ~0.6 

 MTHFR status: CC: ~9.3%, CT: ~9.7%, TT: ~4% 

 Smoking status: 0% 

 GA at enrollment: 36wk 

 Prenatal folic acid supplement (Mean± SD): 5-
MTHF: 886± 273 µg/d, FA: 935± 229 µg/d, 
Placebo:948± 207 µg/d, P=NS 

 
Funding Sources: 
Merck Eprova AG (Schaffhausen, Switzerland); 
Natural Sciences & Engineering Research Council 
of Canada; Canadian Institute of Health Research 
Training Grant in Clinical Nutrition; Ontario 
Student Opportunity Trust Fund, The Hospital for 
Sick Children Foundation Scholarship Program 

 400 µg/d 5-MTHF (N=22)  
All women received a daily multivitamin and mineral 
supplement 
 
Exposure assessment method: 
Folate content of supplements was verified analytically. 
Supplemental folate intakes were determined by 
assessing the difference between the number of 
capsules dispensed at randomization (<1wk postpartum) 
and at 16wk postpartum. In addition, all women agreed 
not to consume any other folate-containing vitamin or 
mineral supplement during the course of the study. 
 
Outcome: 

 Plasma folate 
 
Outcome assessment method: 
Plasma was portioned for future folate analyses, and 
sodium ascorbate (1%, wt:vol) was added to samples to 
prevent the oxidation of folate. All samples were frozen 
immediately after processing and was stored at -
80C.Plasma and RBC folate concentrations were 
measured by microbiological assay using the test 
organism Lactobacillus rhamnoses. 

 Key confounders: Race/ethnicity, 
Anthropometry 

 Other factors considered: Substance use 
 
Limitations:  

 Randomization: FA group recruited 
separately, not randomized, differences in 
baseline RBC and plasma folate among 
groups 

 Subsample results (RBC form and 
unmetabolized folic acid distributions) may 
be under-powered. 

 No preregistered data analysis plan 

Keizer, 199511 
RCT; Canada  
 
Baseline N=29  
Analytic N=29 (Attrition: 0%) 
Power Analysis: NR 
 
Baseline characteristics: 

 Maternal age: ~17.0y, SEM=0.17 (range 14.0-
19.0y)  

Exposure:  
Folic acid supplementation during 1-12 wk postpartum; 2 
groups 

 Placebo (Ref, N=15)  

 300 µg folic acid/d (FA, N=14)  
 
Exposure assessment method: 
Double-blind RCT; Research assistants and participants 
were unaware of the capsule contents, and the 
supplements were visually indistinguishable. Women 

Confounders accounted for: 
 
Not accounted for:  

 Key confounders: Maternal age, 
Race/ethnicity, SES, Anthropometry, 
Smoking, Parity 

 Other factors considered:  
 
Limitations:  
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Study and Population Characteristics Intervention/Exposure and Outcome(s) 
Confounders Accounted for and Study 
Limitations 

 Race/Ethnicity:  
o White: 92% 
o Native Canadian/White: 4% 
o Black: 3% 
o Asian/White: 1%  

 SES:  
o Predominantly low SES 
o Main source of income: Government: 56%, 

Parent or guardian: 39%, Employment: 5% 

 Folate deficiency: 59% consumed <67% of 
recommended nutrient intake 

 Substance use: Negligible 

 Infant born ≤37wk of gestation: 0% 

 Hb ≥110g/L at 36wk of gestation: 100% 
 
Funding Sources: 
Natural Sciences and Engineering Research 
Council of Canada 

were instructed to avoid the consumption of additional 
vitamin and mineral supplements during the postpartum 
period. Adherence was calculated by determining the 
difference in the number of capsules provided at the 
beginning and those remaining at the end of each 4-wk 
period. 
 
Outcome: 

 Plasma folate, RBC folate, Serum vitamin B12, 
Hemoglobin 

 
Outcome assessment method: 
Fasted venous blood collected at 36wk of gestation and 
4, 8, and 12wk postpartum. Complete blood cell counts 
obtained by Coulter Counter. Plasma, RBC folate, and 
plasma B12 determined by competitive binding 
radioassay. 

 No information on missing data for 
continuous outcomes or multiple analyses 

 No preregistered data analysis plan 

Mackey, 199912 
RCT; United States  
 
Baseline N=42  
Analytic N=42 (Attrition: 0%) 
Power Analysis: NR 
 
Baseline characteristics: 

 Maternal age: Mean ~34y (range: 26-42y) 
Race/Ethnicity: White: 100%  

 SES:  
o Maternal education: ~16y 
o Socioeconomic status: ~72 (scores 60-79 

associated with professional, technical, and 
managerial workers) 

 Parity: 2 

 BMI at 3mo postpartum (baseline): ~25  

 Maternal weight at 3mo postpartum (baseline): 
~67kg 

 Prenatal FA supplement: ~0.9 mg/d 

Exposure:  
Folic acid from supplements during 3mo to 6mo 
postpartum; 2 groups 

 0 mg/d (Ref, N=21)  

 1 mg/d (N=21) 
All women received a multivitamin and mineral 
supplement that contained: 2500 IU vitamin A, 60 mg 
vitamin C, 400 IU vitamin D as ergocalciferol, 30 IU 
vitamin E, 1.5 mg thiamine, 1.7 mg riboflavin, 20 mg 
niacinamide, 2 mg vitamin B-6, 6 mg vitamin B-12, 300 
mg biotin, 10 mg pantothenic acid, 9 mg Fe, 150 mg I, 3 
mg Zn, 2.5 mg Mn, 25 mg Cr, and 25 mg Mo.   
 
Exposure assessment method: 
Adherence defined as taking >80% of monthly allotments 
of folic acid supplementation. 
 
Outcome: 

 Plasma folate, RBC folate, Hemoglobin, MCV 
 

Confounders accounted for: 

 Maternal age, Race/ethnicity, SES, 
Anthropometry, Smoking Status, Parity 

 
Not accounted for:  

 Key confounders:  

 Other factors considered: Substance use 
 
Limitations:  

 Power analysis NR 

 No preregistered analysis plan 
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Study and Population Characteristics Intervention/Exposure and Outcome(s) 
Confounders Accounted for and Study 
Limitations 

 
Funding Sources: 
USDA 

Outcome assessment method: 
Blood was drawn into tubes containing EDTA, handled 
under gold light and stored at -70C until analyzed. 
Hemoglobin and MCV measured via complete blood 
count. Plasma and erythrocyte folate were measured by 
a microbiological assay with Lactobacillus casei. 

 

Cohort Study   

Houghton, 200713 
PCS nested in RCT; Canada  
 
Baseline N=69  
Analytic N=53 (Attrition: 23%) 
 
Baseline characteristics: 
See Houghton, 2006 

 
Funding Sources: 
See Houghton, 2006 

 

Exposure:  
Folic acid supplementation during 1-16wk postpartum  
All women received a daily multivitamin and mineral 
supplement 
 
Exposure assessment method: 
Folate content of supplements was verified analytically. 
Supplemental folate intakes were determined by 
assessing the difference between the number of 
capsules dispensed at randomization (<1wk postpartum) 
and at 16wk postpartum. In addition, all women agreed 
not to consume any other folate-containing vitamin or 
mineral supplement during the course of the study. 
     Synthetic folate = (μg from supplement) + (μg from 
fortification) 
Dietary folate intakes estimated with 3d weighed food 
records completed over 2 nonconsecutive days and 1 
weekend day. Participants were trained by registered 
dietitians to complete food records using an electronic 
digital scale accurate to 1 g. Dietary folate intakes 
tabulated from the diet records using Health Canada's 
Canadian Nutrient File, based on USDA Nutrient 
Database for Standard Reference. Dietary folate 
reported as (1) total dietary folate (sum of naturally 
occurring folate and folic acid added as fortificant) and 
(2) folic acid, as a fortificant, separately. 
 
Outcome: 

 Plasma folate 
 

Confounders accounted for: 

 Maternal age, SES, Smoking Status, 
Parity 

 
Not accounted for:  

 Key confounders: Race/ethnicity, 
Anthropometry 

 Other factors considered: Substance use 
 
Limitations:  

 Subsample results (RBC form and 
unmetabolized folic acid distributions) may 
be under-powered. 

 No information on distribution of missing 
data or robustness of results despite 
missing data 

 No preregistered data analysis plan 
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Study and Population Characteristics Intervention/Exposure and Outcome(s) 
Confounders Accounted for and Study 
Limitations 

Outcome assessment method: 
See Houghton, 2006 

Uncontrolled Before-and-After Study   

Tamura, 198014 
Uncontrolled Before-and-After; Japan  
 
Baseline N=16  
Analytic N=16 (Attrition: 0%) 
Power Analysis: NR 
 
Baseline characteristics: 

 SES: All women belonged to the same 
socioeconomic group 

 Mothers were apparently healthy and had no 
history of any serious diseases 

 
Funding Sources: 
United States-Japan Medical Cooperation 
Program 

Exposure:  
Maternal intake of 1mg/d synthetic folic acid (PteGlu) for 
4 wk, starting 3-25wk postpartum in lactating mothers 
(n=16)  
 
Exposure assessment method: 
NR 

 
Outcome: 

 Plasma folate, RBC folate 
 
Outcome assessment method: 
Folate levels were determined by microbiological assay 
using L. casei. 

Confounders accounted for: 

 SES 
 
Not accounted for:  

 Key confounders: Maternal age, 
Race/ethnicity, Anthropometry, Smoking, 
Parity 

 Other factors considered: Substance use 
 
Limitations:  

 No control group; Intervention 
methods/adherence NR 

 Statistical analysis NR 

 Power analysis NR 
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Table 3. Results from studies that examined the relationship between folic acid intake from dietary supplements and/or 
fortified foods during pregnancy and lactation and micronutrient statusx, xi 

Study Intervention/Exposure Outcome and Results 

Exposure Before and/or During 
Pregnancy 

  

Randomized Controlled Trials   

Blot, 19811 
RCT; France  
 
Summary:  
Consuming folic acid plus iron 
supplements compared to iron alone 
during the third trimester of pregnancy 
resulted in higher serum and RBC folate 
at delivery but did not affect hemoglobin 
or MCV. 

 
Limitations: 

 Power analysis NR, 46% attrition 

 No preregistered data analysis plan 

Folic acid supplementation from 28 wk of 
gestation to delivery; 2 groups (N=200):  

 Fe: 105 mg Fe + 500 mg ascorbic acid 
(Ref, analytic n=55)  

 FA+Fe: 350 mg/d FA + 105 mg Fe + 500 
mg ascorbic acid (analytic n=54)* 

All women consumed iron and ascorbic acid 
*Authors report mg/d, but typo 
suspected  

Serum folate (µg/L, Geometric mean (range, when provided)), 
Mann-Whitney U Test    

 28wk (data pooled): 5.0 (<1-25), P=NS 

 Delivery:  
o Fe: 4.8 
o FA+Fe: 7.4, P<0.001 

 Note: rise in serum folate only occurred when baseline <6 µg/L; 
mean rise: Fe: 0.5 µg/L, FA+Fe: 3 µg/L (P=NR)  

 
RBC folate (µg/L, Geometric mean (range, when provided)), 
Mann-Whitney U Test 

 28wk (data pooled): 248 (55-612), P=NS 

 Delivery:  
o Fe: 362 
o FA+Fe: 483, P<0.01 

 
Hemoglobin (g/100 mL, Mean± SD (range, when provided)), 
Mann-Whitney U Test 

 28wk (data pooled): 12.3± 0.9 (7.7-15), P=NS 

 Delivery:  
o Fe: 14.0±1.1 
o FA+Fe: 14.1±1.0, P=NS 

 

                                            

x ANCOVA: analysis of covariance; ANOVA: analysis of variance; CI: confidence interval; d: day; FA: folic acid; Fe: iron; GEE: generalized equation 
estimataing; IQR: interquartile range; MCV: mean corpuscular volume; mo: month(s), MTHF: methyltetrahydrofolate; MTHFR: methyltetrahydrofolate 
reductase; NR: not reported; NS: non-significant; PCS: prospective cohort study; Q#: quartile; RBC: red blood cell; RCS: retrospective cohort study; RCT: 
randomized controlled trial; RDA: recommended daily allowance; SD: standard deviation; SE: standard error; SEM: standard error of the mean; THF: 
tetrahydrofolate; wk: week(s) 
xi Statistically significant findings bolded 
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Study Intervention/Exposure Outcome and Results 

MCV (fL, Mean± SD (range, when provided)), Mann-Whitney U 
Test 

 28wk (data pooled): 94.2± 4.7 (62-104), P=NS 

 Delivery:  
o Fe: 95.5±3.6 

 FA+Fe: 95.5±3.7, P=NS 

Caudill, 19972 
RCT; United States 
 
Summary: 
Consuming 330 µg/d vs 730 µg/d folic 
acid supplements from 14-25wk 
gestation resulted in higher serum folate 
at steady state and 3mo postpartum, but 
did not affect RBC folate. 
 
Limitations:  

 No information about randomization 

 Little information on participant 
characteristics 

 Power analysis NR 

 No preregistered data analysis plan 

Folic acid from supplements during 14wk to 
25wk gestation; 2 groups 

 330 µg/d (Ref, N=6)  

 730 µg/d (N=6) 
All women consumed study-provided diet 
containing 120 µg/d folate. All women 
consumed a multivitamin supplement not 
including folic acid to provide, in 
combination with diet, RDA for all essential 
nutrients 
 

Serum folate (nmol/L, Mean± SD)  

 at baseline, ANOVA, P=NS 
o 330 mg/d FA: 51±19 
o 730 mg/d FA: 46±22 

 at steady state, ANOVA, P≤0.05 
o 330 mg/d FA (Study week 8): 27±9  
o 730 mg/d FA (Study week 1): 45±13  

 at 3mo postpartum, Significance test NR 
o 330 mg/d FA: 34± 14 
o 730 mg/d FA: 48± 14 

 
RBC folate (nmol/L, Mean± SD)  

 at baseline, ANOVA, P=NS 
o 330 mg/d FA (n=4): 1383± 158 
o 730 mg/d FA (n=4): 1174±352 

 at steady state, ANOVA, P=NS 
o 330 mg/d FA (Study week 1): 1453±252  
o 730 mg/d FA (Study week 7): 1734±209  

 at 3mo postpartum, Significance test NR 
o 330 mg/d FA (n=4): 1306±272 
o 730 mg/d FA (n=4): 1706±220 

Hekmatdoost, 20153 
RCT; Iran (Islamic Rep. of)  
 
Summary:  
Consuming either 1 mg/d folic acid or 1 
mg/d 5-MTHF from <6mo preconception 
through 20wk gestation resulted in 
higher serum folate compared to 
baseline. Consuming 5-MTHF resulted in 
a greater increase in serum folate over 
time than folic acid. 

Folic acid supplementation <6mo through 
20wk gestation, 2 groups: 

 1 mg/d 5-MTHF (N=110 randomized, n=69 
pregnancies) 

1 mg/d FA (N=110 randomized, n=66 
pregnancies) 

Plasma folate increased significantly in both groups over time; 
5-MTHF > folic acid (value=2.39, P<0.01)  
 
Plasma folate by MTHFR polymorphism, Test unclear 

 Note: No TTAC participants in MTHF group presented 

 Ref: CCAA 

 TTAA: value= -0.98, SE=0.52, P=0.05 

 All other genotypes: P=NS 
 
Serum folate, Mixed regression model with all predictors 

 R² = 0.93, SD of random effect for: 
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Study Intervention/Exposure Outcome and Results 

 
Limitations: 

 The doses not described as the same 
dietary folate equivalent 

 Statistical tests unclear 

 Likely insufficient sample sizes for 
MTHFR polymorphism analyses 

 No preregistered data analysis plan 

 Intercept: 0.0031 

 Time: 0.0059 

 Residual: 0.0019 
 
Change in serum folate over time, Test unclear 

 Note: No TTAC participants 

 Ref: CCAA 

 CCAC: P=0.056 

 CTAA: P=0.051 

 TTAA: P<00.1 (typo in paper) 
All other genotypes: P=NS 

Juarez-Vazquez, 2002 
RCT; Mexico  
 
Summary:  
Consuming 0.370 mg/d folinic acid plus 
80 mg/d iron supplements for 60 d during 
mid-pregnancy resulted in greater 
increases in hemoglobin compared to 80 
mg/d iron alone, but did not affect serum 
folate or MCV. 
 
Limitations: 

 Attrition/group sample sizes less than 
power calculation  

 No preregistered analysis plan 

Folinic acid supplementation for 60d 
between 14 to 27wk of gestation, 2 groups: 

 80 mg Fe (Ref, N=182) 

 0.370 mg folinic acid + 80 mg Fe (N=189) 

 No women received any treatment 
(concomitant or in the previous 30 days) 
which could have interfered with 
haematopoiesis.  

Serum folate (Mean± SD, ng/mL), Mixed repeated-measure linear 
regression 

 Fe:  
o Baseline: 10.4±13.6 
o 60d: 8.4± 4.7 

 FA+Fe:  
o Baseline: 13.9±46.4 
o 60d: 10.2±4.64 

 
Hemoglobin (Mean± SD, g/dL), Mixed repeated-measure linear 
regression, P<0.005 between treatments at 60d 

 Fe:  
o Baseline: 10.37±0.94 
o 60d: 11.17±1.51; P<0.001 

 FA+Fe:  
o Baseline: 10.16±0.96 
o 60d: 11.58±1.7; P<0.001 

 
MCV (Mean± SD, pg), Mixed repeated-measure linear regression 

 Fe:  
o Baseline: 86.4±8.6 
o 60d: 86.5±8.6 

 FA+Fe: 
o Baseline: 85.4±9.4 
o 60d: 87.6±9 
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Per-protocol subanalysis among 64 women with the lowest 
quartile of baseline hemoglobin (Mean=8.96, Range= 5.9–9.8 
g/dL) 

 Increase in hemoglobin (g/dL) from baseline to 60d, 
Multivariable regression analysis, P=0.07 

 Fe (n=30): 0.5±0.5  

 FA+Fe (n=34): 2.3±0.53 

McNulty, 20135 
RCT; United Kingdom  
 
Summary:  
Consuming 400 µg/d folic acid 
supplements throughout pregnancy 
compared to only during the first 
trimester of pregnancy resulted in higher 
serum folate and RBC folate at 36wk 
gestation. There was no difference in 
serum vitamin B12. 
 
Limitations: 

 No preregistered data analysis plan 

Folic acid supplementation during 14 to 
36wk of gestation; 2 groups: 

 0 µg/d FA (Ref, N=94) 

 400 µg/d FA (N=90) 
All women took 400 µg/d FA supplements 
during the first trimester  

Serum folate (nmol/L, Mean± SD), Paired t-test 

 0 µg/d FA:  
o 14wk: 45.7± 21.3 
o 36wk: 19.5± 16.5, P<0.001 

 400 µg/d FA:  
o 14wk: 47.0± 21.0 
o 36wk: 48.2± 22.9, P=0.791 

 
Change in serum folate (nmol/L, Mean± SD), repeated-measures 
ANOVA, Time*Treatment, P<0.001 

 0 µg/d FA: -26.1± 19.0 

 400 µg/d FA: 0.9± 24.7 
 

RBC folate (nmol/L, Mean± SD), Paired t-test 

 0 µg/d FA:  
o 14wk: 1107± 747 
o 36wk: 873± 377, P<0.001 

 400 µg/d FA:  

 14wk: 1203± 639 

 36wk: 1746± 683, P<0.001 
 
Change in RBC folate (nmol/L, Mean± SD), repeated-measures 
ANOVA, Time*Treatment, P<0.001 

 0 µg/d FA: -250± 690 

 400 µg/d FA: 549± 661 
 

Serum B12 concentrations decreased significantly in both groups 
from 14wk - 36wk (P<0.001); no treatment effect (data NR) 
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Shere, 20156 
RCT; Canada  
 
Summary:  
Consuming FA supplements from ≤3mo 
before pregnancy resulted in higher RBC 
folate concentrations at 6, 12, and 30wk  
gestation, with a greater increase in RBC 
folate among women taking 5 mg/d FA 
compared to 1.1 mg/d FA. Across both 
supplement groups (1.1 and 5 mg/d), 
plasma folate increased from baseline to 
6wk of gestation, then decreased 
through 30wk of gestation. Women who 
supplemented with 1.1 mg/d FA had 
higher plasma folate levels at baseline 
and 12wk of gestation, but there was no 
difference between the groups at 30wk 
of gestation. 
 
Limitations: 

 Randomization: difference between 
groups for plasma folate, no blinding 
post-randomization 

 Analytic n less than power calculation 

 No preregistered data analysis plan 

Folic acid supplementation during 3mo 
preconception through delivery; 2 groups: 

 1.1 mg/d FA (Ref, Baseline N=45) 

 5.0 mg/d FA (Baseline N=42) 
All women received: Calcium (300 mg), 
Vitamin B12 (12mg), and Vitamin D (250 IU), 
Beta carotene (2700 IU), Thiamine (3 mg), 
Riboflavin (3.4 mg), Vitamin E (30 IU), 
Vitamin C (120 mg), Niacinamide (20 mg), 
Pantothenic acid (5 mg), Magnesium (50 
mg), Iodine (0.15 mg), Iron (35 mg as 
ferrous fumarate), Copper (2 mg), and Zinc 
(15 mg)  

RBC folate (nM), mixed-model repeated measures ANOVA, 
Dose*Time interaction: F(3,105) = 9.471, P <0.001, partial nu2 
=0.213 
 
RBC folate (nM): between group differences, Bonferroni 
adjusted pairwise comparison 

 at 6wk: 1.1 mg < 5 mg (P=NS) 

 at 12wk: 1.1 mg < 5 mg (P=0.03) 

 at 30wk: 1.1 mg < 5 mg (P=0.001) 
 
RBC folate (nM): within-group change over time, Bonferroni 
adjusted pairwise comparison 

 1.1 mg FA: P<0.001, with increases from:  
o Baseline to: 6wk (P<0.001), 12wk (P<0.001), 30wk (P<0.001) 
o 12wk to 30wk (P=0.044) 

 5 mg FA: P<0.001, with increases from: 
o Baseline to: 6wk (P<0.001), 12wk (P<0.001), 30wk (P<0.001) 
o 6wk to 30wk (P=0.001) 
o 12wk to 30wk (P=0.002) 

 
Plasma folate (nM), mixed-model repeated measures ANOVA, 
Dose*Time interaction: F(3,108) = 0.905, P=0.44, partial nu2 =0.025; 
Time (main effect): P<0.001; Dose (main effect): P=0.027 
 
Plasma folate (nM): between group difference, Mann Whitney U 
Test 

 at baseline: 1.1 mg FA > 5 mg FA (P=0.013)  

 at 6wk: 1.1 mg FA > 5 mg FA (P=NS)  

 at 12wk: 1.1 mg FA > 5 mg FA (P=0.007) 

 at 30wk: 1.1 mg FA > 5 mg FA (P=NS)  
 

Plasma folate (nM): within-group change over time, Bonferroni 
adjusted pairwise comparison 

 1.1 mg FA: P<0.001, with increases from:  
o Baseline to: 6wk (P=0.024), 12wk (P=0.004), 30wk (P=NS) 

 5 mg FA: P<0.001, with increases from: 
o Baseline to 6wk (P=0.037), 12wk (P=0.011), 30wk (P=NS) 
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In both 1.1 mg FA and 5 mg FA groups, Plasma folate concentrations 
increased  from baseline to 6wk gestation and decreased over the 
course of pregnancy, with a faster rate of decrease in the 5 mg group 
from 6 to 12wk. (data NR) 

Cohort Studies   

Holmes, 20057 
PCS; Ireland 
 
Summary: 
Consuming folic acid supplements during 
12-35 wk of gestation was associated 
with higher plasma folate and RBC folate 
at 12, 20, and 35 wk of gestation, as well 
as higher plasma folate at 3d 
postpartum, compared with pregnant 
women who did not take folic acid 
supplements. There was no association 
between folic acid supplementation and 
RBC folate at 3d postpartum. 
 
Limitations:  

 Key confounders NOT accounted for: 
Maternal age, Race/ethnicity, SES, 
Parity 

 No power calculation (low group n's) 

 Exposure status not well defined (dose, 
frequency NR)  

 Changes in exposure status over time 

 No preregistered analysis plan 

 Not clear if FA-containing multivitamin 
supplements were included in FA 
group 

Folic acid supplement intake during 12-35 
wk of gestation; 2 groups:  

 No FA: (Ref, n=10 at 12wk, n=74 at 20wk, 
n=71 at 35wk) 

 FA: (n=91 at 12wk, n=27 at 20wk, n=30 at 
35wk) 

Dose and frequency NR 

Plasma folate (µg/L, Mean± SD [n]) 

 at 12 wk, Repeated-measures ANOVA, P<0.05 
o No FA: 6.83± 3.83 [10] 
o FA: 19.12± 15.08 [91] 

 at 20 wk, Repeated-measures ANOVA, P<0.05 
o No FA: 6.60± 2.56 [74] 
o FA: 12.15± 6.63 [27] 

 at 35wk, Repeated-measures ANOVA, P<0.05 
o No FA: 6.20± 4.48 [71]  
o FA: 13.41± 7.32 [30] 

 at 3d postpartum, Repeated-measures ANOVA, P<0.05 
o No FA: 6.05± 2.52 [15] 
o FA: 12.62± 4.58 [6] 

 
RBC Folate (µg/L, Mean± SD [n]) 

 at 12 wk, Repeated-measures ANOVA, P<0.05 
o No FA: 306± 78 [10]  
o FA: 560± 226 [91]  

 at 20 wk, Repeated-measures ANOVA, P<0.05 
o No FA: 486± 193 [74]  
o FA: 678± 333 [27]  

 at 35 wk, Repeated-measures ANOVA, P<0.05 
o No FA: 403± 173 [71]  
o FA: 689± 351 [30]  

 at 3d postpartum, Repeated-measures ANOVA, P=NS 
o No FA: 438 769 [15] 

FA: 665±427 [6] 

Koebnick, 20018 
PCS; Germany  
 
Summary:  
Consuming folic acid supplements during 
pregnancy was associated with higher 

Folate supplementation at 9-12wk, 20-
22wk, and/or 36-38wk gestation modeled 
continuously; based on dietary patterns:  

 Predominantly vegetarian diet, n=70 (ovo-
lacto vegetarians: n=27; low meat eaters: 
n=43)  

Plasma folate (nmol/L, Β± SE), GEE 

 Supplemental folate (mg/d): 0.02± 0.01, P<0.0001 

 Folate from multivitamin fortified juices (mg/d): 0.001± 0.0004, 
P=0.046  

 
RBC folate (nmol/L, Β± SE), GEE 
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plasma and RBC folate, but not with risk 
of folate deficiency. 
 
Limitations: 

 Key confounders NOT accounted for: 
Race/ethnicity, SES 

 Start of exposure and follow-up does 
not coincide for most participants 

 Exposure data is self-report; dose 
unknown 

 Power analysis, analytic n NR 

 Missing data not accounted for 

 No preregistered data analysis plan 
 

Average Western diet, n=39   Supplemental folate (mg/d): 0.22± 0.07 P=0.003 

 Folate from multivitamin fortified juices (mg/d): 0.8± 0.4, P=0.04 
 

Folate deficiency (nmol/L, OR (95% CI)), GEE 

 Supplemental folate (mg/d): 0.99 (0.99, 0.99) 

 Folate from multivitamin fortified juices (mg/d): 0.98 (0.95, 1.01) 

Ozer, 20169 
RCS; Turkey  
 
Summary:  
There was no difference in serum folate, 
folate deficiency, and hemoglobin from 
before pregnancy to the first trimester of 
pregnancy in women supplemented with 
400 µg/d folic acid during the 
periconceptional period. There was no 
difference in serum folate, folate 
deficiency, and hemoglobin between 
women supplemented with 400 µg/d folic 
acid during the periconception and those 
not supplemented with folic acid. 
 
Limitations: 

 Not all key confounders accounted for 

 Start of follow up and exposure may 
not be the same for all participants 

 Methods are not well defined, and may 
not represent the exposure of interest 

Folic acid supplementation; 2 groups: 

 No FA before or during pregnancy (Ref, 
N=294) 

 FA from preconception, 400 µg/d  (N=103) 

Serum folate (ng/mL), Student t test or Mann-Whitney U test: 

 Prepregnancy, P=0.072 
o No FA: 10.0± 6.5 
o 400 µg/d FA: 9.8± 4.7 

 Pregnancy, P=0.061 
o No FA: 9.2± 4.4 
o 400 µg/d FA: 10.9± 3.7 

 No FA: Prepregnancy vs Pregnancy, P=0.059 

 400 µg/d FA: Prepregnancy vs Pregnancy, P=0.057 
 
Folate deficiency (<4.5 ng/mL), Student t test or Mann-Whitney U 
test: 

 Prepregnancy, P=0.828 
o No FA: n=21 (7.4%) 
o 400 µg/d FA: n=8 (7.8%) 

 Pregnancy, P=0.831 
o No FA: n=22 (7.5%) 
o 400 µg/d FA: n=6 (5.8%) 

 
Hemoglobin (g/dL), Student t test or Mann-Whitney U test: 

 Prepregnancy, P=0.544 
o No FA: 11.9± 2.9 
o 400 µg/d FA: 12.4± 2.1 

 Pregnancy, P=0.549 
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 Not clear if FA-containing multivitamin 
supplements were included in FA 
group 

 No preregistered data analysis plan 

o No FA: 11.8± 3.1 
o 400 µg/d FA: 12.1± 2.2 

Exposure During Lactation   

RCTs   

Houghton, 200610 
Canada  
 
Summary:  
Women who supplemented with 5-MTHF 
and FA during lactation had no 
difference in RBC folate at 4wk 
postpartum. At 16wk postpartum, women 
who supplemented with 5-MTHF had 
higher RBC folate than who 
supplemented with folic acid or no 
supplementation. At 4 and 16wk 
postpartum, mean plasma folate was 
greater in women who supplemented 
with either 5-MTHF and folic acid during 
lactation compared to women who did 
not use supplements. 
 
Limitations: 

 Randomization: FA group recruited 
separately, not randomized, differences 
in baseline RBC and plasma folate 
among groups 

 Subsample results (RBC form and 
unmetabolized folic acid distributions) 
may be under-powered. 

 No preregistered data analysis plan 

Maternal intake of folic acid from 
supplements, 1-16wk postpartum; 3 groups:  

 Placebo (Ref, N=23) 

 400 µg/d folic acid (N=24, not randomized) 

 400 µg/d 5-MTHF (N=22) 

Plasma folate (nmol/L): Geometric Mean (95% CI); Repeated 
measures ANCOVA, main effects of treatment (P<0.0001) and 
time (P<0.02) 

 Placebo (n=22):  
o Baseline: 80.5 (68.3, 94.9)   
o 4wk postpartum: 58.0 (46.9, 71.8)   
o 16wk postpartum: 43.5 (34.8, 54.4)   

 FA (n=21):   
o Baseline: 102.3 (87.5, 119.5)   
o 4wk postpartum 112.6 (93.8, 135.1)   
o 16wk postpartum 93.5 (83.1, 105.2), vs placebo, P<0.002 

 5-MTHF (n=21):   
o Baseline 85.0 (72.3, 99.9)  
o 4wk postpartum 93.0 (78.7, 110.0)  
o 16wk postpartum 91.1 (71.2, 116.4), vs placebo, P<0.0001 

 
Total RBC (nmol/L), Mean (95% CI), Repeated ANCOVA with 
adjustment for baseline values  

 Placebo (n=7):  
o Baseline: 2929 (2480, 3379) 
o 16wk: 1656 (1045, 2268)    

 FA (n=6):  
o Baseline: 3641 (2610, 4671) 
o 16wk: 1891 (1515, 2266)    

 5-MTHF (n=7):  
o Baseline: 2914 (2353, 3475) 
o 16wk: 2193 (1801, 2585)    

 16wk: 5-MTHF vs placebo and FA groups, P<0.03 
RBC folate (nmol/L), Geometric Mean (95% CI); Repeated 
ANCOVA, baseline RBC folate as a covariate: treatment*group 
interaction (P<0.01) 
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 Placebo (n=22):  
o Baseline: 2453 (2162, 2785)   
o 4wk postpartum: 2188 (1891, 2532)   
o 16wk postpartum: 1390 (1198, 1613); vs 4wk, P<0.0001 

 FA (n=21):  
o Baseline: 3635 (3161, 4179)   
o 4wk postpartum: 3229 (2729, 3848) 
o 16wk postpartum: 1967 (1628, 2377); vs 4wk, P<0.0001 

 5-MTHF (n=21):  
o Baseline: 2998 (2459, 3655) 
o 4wk postpartum: 2750 (2308, 3277) 
o 16wk postpartum: 2178 (1854, 2559); vs 4wk, P<0.05; vs FA 16 

wk, P<0.05; vs Placebo, P<0.002 

 Author note: the decrease in status across time is likely due to the 
discontinuation of prenatal supplements, which contained 800-1000 
µg/d folic acid. 

THF (nmol/L), Mean (95% CI), Repeated ANCOVA with 
adjustment for baseline values 

 Placebo (n=7):  
o Baseline: 1218 (752, 1683) 
o 16wk: 1068 (611, 1524) 

 FA (n=6):  
o Baseline: 1998 (278, 4219) 
o 16wk: 1517 (0, 3181)  

 5-MTHF (n=7):  
o Baseline: 2044 (1167, 2920) 
o 16wk: 1010 (432, 1589)  

 
5-MTHF (nmol/L), Mean (95% CI), Repeated ANCOVA with 
adjustment for baseline values  

 Placebo (n=7):  
o Baseline: 601 (408, 793) 
o 16wk: 630 (469, 791) 

 FA (n=6):  
o Baseline: 630 (363, 896) 
o 16wk: 448 (358, 538) 

 5-MTHF (n=7):  
o Baseline: 522 (393, 650) 
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o 16wk: 573 (363, 783) 
 
5-formylTHF (nmol/L), Mean (95% CI), Repeated ANCOVA with 
adjustment for baseline values 

 Placebo (n=7):  
o Baseline: 186 (51, 320) 
o 16wk: 208 (141, 275) 

 FA (n=6):  
o Baseline: 316 (260, 373) 
o 16wk: 368 (299, 438) 

 5-MTHF (n=7):  
o Baseline: 338 (270, 406) 
o 16wk: 239 (121, 357) 

 16wk: FA vs placebo and 5-MTHF, P<0.03 
 
Unmetabolized folic acid (nmol/L), Mean (95% CI), Repeated 
ANCOVA with adjustment for baseline values  

 Placebo (n=7):  
o Baseline: 19 (1, 57) 
o 16wk: 13 (2, 33) 

 FA (n=6):  
o Baseline: 25 (3, 70) 
o 16wk: 46 (19, 85) 

 5-MTHF (n=7):  
o Baseline: 13 (4, 29) 
o 16wk: 24 (2, 70)  

Keizer, 199511 
RCT; Canada  
 
Summary:  
Consumption of 300 µg/d folic acid 
supplement from 1 -12 weeks 
postpartum was associated with RBC 
folate maintenance vs decline in placebo 
and maintenance in suboptimal plasma 
folate vs increase in placebo from 4 to 12 
wk postpartum. FA supplementation did 
not affect mean plasma folate, plasma 

Folic acid supplementation during 1-12 wk 
postpartum; 2 groups 

 Placebo (Ref, N=15)  

 300 µg folic acid/d (FA, N=14)  

RBC Folate (nmol/L): 

 FA, Mean (SEM) 
o 4wk: 796.0 (48.2)  
o 8wk: 801.8 (58.9) 
o 12wk: 690.7 (68.4) 
o 4wk vs 8wk vs 12wk, P=NS 

 Placebo, Mean 
o 4wk: 1023.2 
o 8wk: (Value NR, but <1023.2 and >709.2)  
o 12wk: 709.2 
o 4wk vs 8wk vs 12wk, P <0.05 

 FA vs Placebo at 4wk, P<0.05 
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vitamin B12, hemoglobin, or milk folate 
concentrations. 
 
Limitations: 

 No information on missing data for 
continuous outcomes or multiple 
analyses 

 No preregistered data analysis plan 

 
Plasma folate <13.6 nmol/L (n, %) 

 FA:  
o Baseline: 2 of 13 (15.4%) 
o Postpartum: 2 of 14 (13.3%) 

 Placebo:  
o Baseline: 2 of 13 (15.4%)  
o Postpartum: 6 of 15 (40.0%) 

 
Plasma folate (nmol/L), Mean (SEM): 

 4wk: 21.8 (3.1), Median=18.6, IQR=9.5, 30.2  

 8wk: 18.0 (3.8), Median=19.0, IQR=9.7, 28.3 

 12wk: 17.2 (3.9), Median=18.6, IQR=9.8, 26.3 

 4wk vs 8wk vs 12wk, P=NS, No differences between groups 
 
Plasma B12 (pmol/L, Mean (SEM)): 

 4wk: 283.3 (7.9), Median=258.4, IQR=208.9, 356.5 

 8wk: 276.0 (9.8), Median=263.7, IQR=191.2, 314.1 

 12wk: 254.6 (10.6), Median=237.6, IQR=192.8, 284.1 

 4wk vs 8wk vs 12wk, P=NS, No differences between groups 
 
Hemoglobin (g/L, Mean (SEM)): 

 4wk: 133.4 (1.1), Median=134.0, IQR=127.5, 141.0 

 8wk: 133.1 (1.4), Median=134.0, IQR=129.0, 138.0 

 12wk: 133.3 (1.5), Median=134.0, IQR=129.0, 139.0 

 4wk vs 8wk vs 12wk, P=NS, No differences between groups 

Mackey, 199912 
RCT; United States  
 
Summary:  
Taking 1 mg/d folic acid from 3 to 6 mo 
postpartum in lactating women increased 
RBC folate and hemoglobin, but did not 
effect plasma folate or MCV. 
 
Limitations: 

 Power analysis NR 

 No preregistered analysis plan 

Folic acid from supplements during 3mo to 
6mo postpartum; 2 groups 

 0 mg/d (Ref, N=21)  

 1 mg/d (N=21) 
All women received a multivitamin 

Plasma folate (nmol/L; Mean±SEM), ANCOVA, P=NS  

 0 mg/d FA:  
o 3mo: 42.1±5.1  
o 6mo: 36.8±4.2  

 1 mg/d FA:  
o 3mo: 44.9±4.1  
o 6mo: 47.6±6.5 

 
RBC folate (nmol/L; Mean±SEM), ANCOVA, P<0.05 between 
groups at 6mo  

 0 mg/d FA:  
o 3mo: 731.0±58.5    
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o 6mo: 667.3±52.3 

 1 mg/d FA:  
o 3mo: 823.8±61.7 
o 6mo: 840.2±49.5 

 
Hemoglobin (g/L; Mean±SEM), ANCOVA, P<0.02 between groups 
at 6mo  

 0 mg/d FA:  
o 3mo: 134± 2  
o 6mo: 134± 2  

 1 mg/d FA:  
o 3mo: 138± 1  
o 6mo: 140± 1 

 
MCV (fL; Mean±SEM), ANCOVA, P=NS  

 0 mg/d FA:  
o 3mo: 87.3± 1.7  
o 6mo: 87.0± 1.6  

 1 mg/d FA:  
o 3mo: 88.4± 0.8  

6mo: 88.3± 0.6 

Cohort Study   

Houghton, 200713 
PCS nested in RCT; Canada 
 
Summary:  
Total synthetic folate intake from 
supplements and/or fortified foods was 
associated with plasma folate and RBC 
folate at 4wk and 16wk postpartum. 
Synthetic folate intake at 16 weeks 
postpartum greater than the 2nd quartile 
(>151–410 µg/d) was not associated with 
increases in RBC folate levels. 
 
Limitations: 

Exposure:  
Folic acid supplementation during 1-16wk 
postpartum  
All women received a daily multivitamin and 
mineral supplement 
 
Exposure assessment method: 
Folate content of supplements was verified 
analytically. Supplemental folate intakes 
were determined by assessing the 
difference between the number of capsules 
dispensed at randomization (<1wk 
postpartum) and at 16wk postpartum. In 
addition, all women agreed not to consume 
any other folate-containing vitamin or 

Association between Synthetic folate intake (µg) and Plasma 
folate (nmol/L), Partial correlation 

 at 4wk: r=0.47, P<0.001  

 at 16wk: r=0.49, P<0.0001 
 
Association between Synthetic folate intake (µg) and RBC folate 
(nmol/L), Partial correlation 

 at 4wk: r=0.31, P<0.05 

 at 16wk: r=0.36, P<0.01 
 
Mean RBC folate (nmol/L) at 16wk pp by quartile of synthetic 
folate intake, ANOVA with Tukey correction 

 Q1 synthetic folate intake (<151 µg/d) < Q3 synthetic folate 
intake (411-475 µg/d), P<0.05 

 Q1 vs Q2 (151-410 µg/d), P=NS 

 Q1 vs Q4 (>475 µg/d), P=NS 
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 No information on distribution of 
missing data or robustness of results 
despite missing data 

 No preregistered analysis plan 

mineral supplement during the course of the 
study. 
     Synthetic folate = (μg from supplement) 
+ (μg from fortification) 
Dietary folate intakes estimated with 3d 
weighed food records completed over 2 
nonconsecutive days and 1 weekend day. 
Participants were trained by registered 
dietitians to complete food records using an 
electronic digital scale accurate to 1 g. 
Dietary folate intakes tabulated from the diet 
records using Health Canada's Canadian 
Nutrient File, based on USDA Nutrient 
Database for Standard Reference. Dietary 
folate reported as (1) total dietary folate 
(sum of naturally occurring folate and folic 
acid added as fortificant) and (2) folic acid, 
as a fortificant, separately. 

 Q2 vs Q3, P=NS 

 Q2 vs Q4, P=NS 

Uncontrolled Before-and-After Studies 

Tamura, 198014 
Uncontrolled Before-and-After; Japan 
 
Summary:  
Consuming folic acid supplements 
(1mg/d) for 4 weeks in the postpartum 
period was associated with increased 
plasma and red blood cell folate levels, 
but not milk folate levels in lactating 
mothers. 
 
Limitations: 

 Not all key confounders accounted for 

 No control group; Intervention 
methods/adherence NR 

 Statistical analysis NR 

 Power analysis NR 

Maternal intake of 1mg/d synthetic folic acid 
(PteGlu) for 4 wk, starting 3-25wk 
postpartum in lactating mothers (N=16). 

Plasma folate (ng/ml), Mean± SD: P=Significant 

 Baseline (n=16): 6.0± 2.0  

 Follow-up (n=15): 41.8± 53.8  
 
RBC folate (ng/ml), Mean± SD: P=Significant  

 Baseline (n=16): 250.8± 85.2  

 Follow-up (n=15): 389.9± 85.5 
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Table 4. Risk of bias for randomized controlled trials examining folic acid from dietary supplements and/or fortified 
foods during pregnancy and lactation and micronutrient statusxii, xiii 

 

 

 

 

 

 

 

 

 

 

 

  

                                            

xii A detailed description of the methodology used for assessing risk of bias is available on the NESR website: https://nesr.usda.gov/2020-dietary-
guidelines-advisory-committee-systematic-reviews and in Part C of the following reference: Dietary Guidelines Advisory Committee. 2020. Scientific Report 
of the 2020 Dietary Guidelines Advisory Committee: Advisory Report to the Secretary of Agriculture and the Secretary of Health and Human Services. U.S. 
Department of Agriculture, Agricultural Research Service, Washington, DC. 
xiii Possible ratings of low, some concerns, or high determined using the "Cochrane Risk-of-bias 2.0" (RoB 2.0) (August 2016 version)” (Higgins JPT, 
Sterne JAC, Savović J, Page MJ, Hróbjartsson A, Boutron I, Reeves B, Eldridge S. A revised tool for assessing risk of bias in randomized trials In: 
Chandler J, McKenzie J, Boutron I, Welch V (editors). Cochrane Methods. Cochrane Database of Systematic Reviews 2016, Issue 10 (Suppl 1). 
dx.doi.org/10.1002/14651858.CD201601.) 

  

Randomization Deviations from 
intended 

interventions 

Missing 
outcome data 

Outcome 
measurement 

Selection of the 
reported result 

Blot, 19811 Low Low Low Low Some Concerns 

Caudill, 19972 Some Concerns Low Low Low Some Concerns 

Hekmatdoost, 20153 Low Low Low Low Some Concerns 

Juarez-Vazquez, 20024 Low Low Low Low Some Concerns 

McNulty, 20135 Low Low Low Low Some Concerns 

Shere, 20156 Some Concerns Low Low Low Some Concerns 

Houghton, 200610 Some Concerns Low Low Low Some Concerns 

Keizer, 199511 Low Low Some Concerns Low Some Concerns 

Mackey, 199912 Low Low Low Low Some Concerns 

https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
https://www.riskofbias.info/welcome/rob-2-0-tool
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Table 5. Risk of bias for non-randomized studies of interventions examining folic acid from dietary supplements and/or 
fortified foods during pregnancy and lactation and micronutrient statusxiv 

  

 Confounding Selection of 
participants 

Classification 
of exposures 

Deviations from 
intended 

exposures 

Missing data Outcome 
measurement 

Selection of 
the reported 

result 

Tamura, 
198014 

Serious Low Moderate Low Low Low Moderate 

 

Table 6. Risk of bias for observational studies examining folic acid from dietary supplements and/or fortified foods 
during pregnancy and lactation and micronutrient statusxv 

  

 Confounding Selection of 
participants 

Classification 
of exposures 

Deviations from 
intended 

exposures 

Missing data Outcome 
measurement 

Selection of 
the reported 

result 

Holmes, 20057 Serious Moderate Serious Serious Low Low Moderate 

Houghton, 200713 Serious Low Low No Information Moderate Low Moderate 

Koebnick, 20018 Serious Serious Serious Moderate Low Low Moderate 

Ozer, 20169 Serious Moderate Serious Moderate Low Low Moderate 

 

 

 

                                            

xiv Possible ratings of low, moderate, serious, critical, or no information determined using the “Risk of Bias in Non-randomized Studies of Interventions 
(ROBINS-I) tool” (Sterne JAC, Hernán MA, Reeves BC, Savović J, Berkman ND, Viswanathan M, Henry D, Altman DG, Ansari MT, Boutron I, Carpenter 
JR, Chan AW, Churchill R, Deeks JJ, Hróbjartsson A, Kirkham J, Jüni P, Loke YK, Pigott TD, Ramsay CR, Regidor D, Rothstein HR, Sandhu L, 
Santaguida PL, Schünemann HJ, Shea B, Shrier I, Tugwell P, Turner L, Valentine JC, Waddington H, Waters E, Wells GA, Whiting PF, Higgins JPT. 
ROBINS-I: a tool for assessing risk of bias in non-randomized studies of interventions. BMJ 2016; 355; i4919; doi: 10.1136/bmj.i4919.) 
xv Possible ratings of low, moderate, serious, critical, or no information determined using the "Risk of Bias for Nutrition Observational Studies" tool (RoB-
NObs) (Dietary Guidelines Advisory Committee. 2020. Scientific Report of the 2020 Dietary Guidelines Advisory Committee: Advisory Report to the 
Secretary of Agriculture and the Secretary of Health and Human Services. U.S. Department of Agriculture, Agricultural Research Service, Washington, 
DC.) 

https://www.riskofbias.info/welcome/home/current-version-of-robins-i
https://www.riskofbias.info/welcome/home/current-version-of-robins-i
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Systematic review question—Gestational diabetes 

What is the relationship between folic acid from supplements and/or fortified foods 
consumed before and during pregnancy and risk of gestational diabetes? 

Conclusion statement and grade 

Insufficient evidence is available to determine the relationship between folic acid from 
supplements and/or fortified foods consumed before and during pregnancy and the 
risk of gestational diabetes. (Grade: Grade not assignable) 

Summary of the evidence 

 One NRCT that met the criteria for inclusion in this systematic review was identified 
through a literature search from 1980 to 2019.15 

 This study found that women who consumed folic acid supplementation based on 
genotype and stage of pregnancy had significantly fewer cases of gestational 
diabetes compared to women who did not consume folic acid supplements before or 
during pregnancy. 

 The evidence had several limitations: 
o No baseline data on study groups were provided for comparison. 
o Intervention methods and adherence were not clear. 
o Results by subgroup were not reported. 
o Consistency could not be assessed with only 1 study. 

Description of the evidence 

This systematic review included articles that address the relationship between folic 
acid from supplements and/or fortified foodsii consumed before and during pregnancy 
and the risk of gestational diabetes (Figure 2). The search included articles from 
countries categorized as high or very high on the Human Development Indexiii and 
published between January 1980 and June 2019. Studies included generally healthy 
women up to 6 months before pregnancy and during pregnancy at the time of the 
intervention or exposure. Study designs that were included were: RCTs, NRCTs, 
prospective and retrospective cohort studies, nested case-control studies, and 
uncontrolled before-and-after studies. 

One paper met the inclusion criteria for this systematic review (see Figure 7). The 
study was a NRCT that took place in China.15 Pregnant women were enrolled in the 
study. They were evaluated for risk of abnormal pregnancy outcomes based on their 
genotype and polymorphisms of the MTHFR and MTRR genes and classified into 
levels of risk: “un-identify,” “lower,” “average,” “slightly high,” or “higher.” Based on this 
classification, women were “guided” to supplement with an individualized dose of folic 
acid (Table 7). A control group consisted of women who did not receive folic acid 
supplements during the same period of time at the same hospital.  

Women were non-smokers and non-drinkers who were mostly between the ages of 20 
to 30 years old (71 percent). No other demographic information was provided and 
therefore, it is not clear if baseline characteristics were similar between groups. 
Further, no information was provided on intervention methods, adherence, outcome 
assessment methods, or statistical analyses. 
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Table 7. Individualized folic acid supplementation plan for women at different levels 
of risk of abnormal pregnancy outcomes 

Risk rank  n Folic acid (µg/d) 

  3 months before 
conception 

Early pregnancy 
(0-12 weeks) 

Late pregnancy 
(13-40 weeks) 

Un-identify 269 400 400 Dietary 
Lower 768 400 400 400 

Average 848 400 800 400 

Slightly high 587 400 800 400 

Higher 446 800 800 400 

 

Evidence synthesis   

Women who consumed folic acid supplementation based on genotype and stage of 
pregnancy had significantly fewer cases of gestational diabetes compared to women 
who did not consume folic acid supplements before or during pregnancy (0.27 percent 
and 3.24 percent, respectively; P<0.05) (Table 8 and Table 9).  

Assessment of the evidencexvi 
This study had a large enough sample size to detect significant findings; however, 
there are several limitations to consider. The paper only reports results for all risk 
levels combined so it is not clear if folic acid supplementation was equally effective 
across risk levels or preferentially effective for particular subgroups. Further, there was 
no genetic information from the control group to allow for comparison. No information 
was provided on exposure methods or adherence. In fact, the supplementation plan, 
as outlined by risk group (Table 7), begins at 3 months prior to pregnancy, yet women 
were enrolled in the study when they were already pregnant. Therefore, actual 
duration of intervention is unknown. Little information was reported on baseline 
characteristics, exposure or outcome methods (Table 10).  

                                            

xvi A detailed description of the methodology used for assessing risk of bias is available on the NESR 
website: https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews and in 
Part C of the following reference: Dietary Guidelines Advisory Committee. 2020. Scientific Report of the 
2020 Dietary Guidelines Advisory Committee: Advisory Report to the Secretary of Agriculture and the 
Secretary of Health and Human Services. U.S. Department of Agriculture, Agricultural Research 
Service, Washington, DC. 

https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
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Table 8. Description of studies examining the relationship between consumption of folic acid from dietary supplements 
and/or fortified foods before and during pregnancy and risk of gestational diabetesxvii, xviii 

Study and Population Characteristics Intervention/Exposure and Outcome(s) 
Confounders Accounted for and Study 
Limitations 

Li, 201515 
NRCT; China 
 
Baseline N=7,812 
Analytic N=7,812 (Attrition: 0%) 

 
Baseline characteristics: 

 Maternal age: <20y: ~3%, 20-30y: ~71%, 30-40y: 
~25%, >40y: ~1% 

 Smoking status: 100% non-smokers 

 Substance use: 100% non-drinkers 

 MTHFR status:  
o MTHFR C677T: CC 27.2%, CT 43.7%, TT 29.1% 
o MTHFR A1298C: AA 64.7%, AC 31.0%, CC 4.3% 
o MTRR A66G: AA 54.0%, AG 40.2%, GG 5.8% 

 
Funding Sources: 
NR 

Exposure:  
Maternal intake of folic acid supplements; folic 
acid supplement dose varied by genotype and 
stage of pregnancy; during 3mo before 
conception (400 or 800 µg/d), 0-12wk 
gestation (400 or 800 µg/d), 13-40wk 
gestation (0 or 400 µg/d) 
2 groups: 

 Control: no supplementation (n=4,884) 

 Intervention: supplementation based on 
polymorphism (n=2,928) 

 
Exposure assessment method: 
NR 

 
Outcome: 

 Incidence of gestational diabetes mellitus 
 

Outcome assessment method: NR 
 

Confounders accounted for: 

 Key confounder: Smoking status (100% non-
smokers) 

 Other factors to be considered: Substance use 
(100% non-drinkers) 

 
 

Not accounted for:  

 Key confounders: Maternal age, Race/ethnicity, 
SES, Anthropometry, Family history of diabetes 
or pre-diabetes, Parity 

 Other factors to be considered: Physical 
activity, large infant prior, enrolled in 
intervention/prevention trial, gestational age 

 
 

Limitations:  

 Intervention supposed to have started 3-mo 
before pregnancy but women recruited while 
pregnant   

 Did not report results by intervention subgroup; 
combined different supplement dosing plans 
and potentially different supplementation 
durations into one intervention group  

 No comparison of baseline characteristics 
between control and intervention groups; 
genotypes or risk levels of controls unknown 

 Statistical analysis methods NR 

                                            

xvii d: day; mo: month(s); MTHFR: methyltetrahydrofolate reductase; NR: not reported; NRCT: Non-randomized controlled trial; SES: socioeconomic status; 
wk: week(s); y: year(s) 
xviii Statistically significant findings bolded 
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Table 9. Results from studies that examined the relationship between folic acid intake from dietary supplements and/or 
fortified foods before and during pregnancy and risk of gestational diabetesxix, xx 

Article Intervention/Exposure Outcome and Results 

Li, 201515 
NRCT; China  
 
Summary:  
Women who consumed folic acid 
supplementation based on genotype 
and stage of pregnancy had significantly 
fewer cases of gestational diabetes 
compared to women who did not 
consume folic acid supplements before 
or during pregnancy. 
 
Limitations: 

 Intervention supposed to have started 
3 mo before pregnancy but women 
recruited while pregnant   

 Did not report results by intervention 
subgroup; combined different 
supplement dosing plans and 
potentially different supplementation 
durations into one intervention group  

 No comparison of baseline 
characteristics between control and 
intervention groups; genotypes or risk 
levels of controls unknown 

 Statistical analysis methods NR 

Maternal intake of folic acid supplements; 
folic acid supplement dose varied by 
genotype and stage of pregnancy; during 
3mo before conception (400 or 800 µg/d), 
0-12wk gestation (400 or 800 µg/d), 13-
40wk gestation (0 or 400 µg/d) 

2 groups: 

 Control: no supplementation (n=4,884) 

 Intervention: supplementation based on 
polymorphism (n=2,928) 

 

Effect of folic acid supplement use on gestational diabetes 
cases: Statistical analysis method NR 

 Control vs Intervention: 3.24% vs 0.27%, P<0.05 

 

                                            

xix d: day; mo: month(s); NR: not reported; NRCT: Non-randomized controlled trial 
xx Statistically significant findings bolded 
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Table 10. Risk of bias for the non-randomized controlled trial examining folic acid from dietary supplements and/or 
fortified foods before and during pregnancy and risk of gestational diabetesxxi, xxii 

  

Confounding Selection of 
participants 

Classification 
of 

interventions 

Deviations from 
intended 

interventions 

Missing data Outcome 
measurement 

Selection of 
the reported 

result 

Li, 201515 Serious Serious Moderate No Information No Information No Information Moderate 

                                            

xxi A detailed description of the methodology used for assessing risk of bias is available on the NESR website: https://nesr.usda.gov/2020-dietary-
guidelines-advisory-committee-systematic-reviews and in Part C of the following reference: Dietary Guidelines Advisory Committee. 2020. Scientific Report 
of the 2020 Dietary Guidelines Advisory Committee: Advisory Report to the Secretary of Agriculture and the Secretary of Health and Human Services. U.S. 
Department of Agriculture, Agricultural Research Service, Washington, DC. 
xxii Possible ratings of low, moderate, serious, critical, or no information determined using the “Risk of Bias in Non-randomized Studies of Interventions 
(ROBINS-I) tool” (Sterne JAC, Hernán MA, Reeves BC, Savović J, Berkman ND, Viswanathan M, Henry D, Altman DG, Ansari MT, Boutron I, Carpenter 
JR, Chan AW, Churchill R, Deeks JJ, Hróbjartsson A, Kirkham J, Jüni P, Loke YK, Pigott TD, Ramsay CR, Regidor D, Rothstein HR, Sandhu L, 
Santaguida PL, Schünemann HJ, Shea B, Shrier I, Tugwell P, Turner L, Valentine JC, Waddington H, Waters E, Wells GA, Whiting PF, Higgins JPT. 
ROBINS-I: a tool for assessing risk of bias in non-randomized studies of interventions. BMJ 2016; 355; i4919; doi: 10.1136/bmj.i4919.) 

https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
https://www.riskofbias.info/welcome/home/current-version-of-robins-i
https://www.riskofbias.info/welcome/home/current-version-of-robins-i
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Systematic review question—Hypertensive disorders during 
pregnancy 

What is the relationship between folic acid from supplements and/or fortified foods 
consumed before and during pregnancy and risk of hypertensive disorders during 
pregnancy? 

Conclusion statements and grades 

Limited evidence suggests that folic acid supplements consumed during early 
pregnancy may have a beneficial effect on reducing the risk of hypertensive disorders 
during pregnancy among women at high-risk (e.g., history of preeclampsia or 
prepregnancy BMI ≥25 kg/m2) compared to no folic acid supplementation. (Grade: 
Limited) 

Moderate evidence indicates that higher levels of folic acid supplements consumed 
during pregnancy compared to lower levels (including no folic acid supplementation) 
does not affect the risk of hypertensive disorders during pregnancy among women at 
low-risk. (Grade: Moderate) 

No evidence is available to determine the relationship between folic acid from fortified 
foods consumed before and during pregnancy and the risk of hypertensive disorders 
during pregnancy. (Grade: Grade not assignable) 

Summary of the evidence 

 Eight studies, including 3 RCTs,16-18 2 NRCTs,15,19 and 3 PCSs,20-22 met the criteria 
for inclusion in this systematic review, which were identified through a literature 
search from 1980 to 2019.  

 The 3 RCTs compared 5.0 mg/d of folic acid supplementation to a lower-dose of 
either 0.5 mg/d (2 studies) or 1.0 mg/d (1 study) from early pregnancy through 
delivery. The folic acid supplementation dose had no effect on incidence of 
gestational hypertension, preeclampsia, or eclampsia. None of the studies 
compared folic acid supplementation to a control group with no folic acid 
supplementation.  

 The 2 NRCTs found a statistically significant association of folic acid 
supplementation (15 mg/d of 5-MTHF in one study; 400-800 µg/d in another study) 
from early pregnancy through delivery on risk of gestational hypertension or 
preeclampsia compared to a control group with no folic acid supplementation. One 
NRCT was among a high-risk population (women who had preeclampsia in their 
preceding pregnancy); the other had methodological limitations related to exposure, 
outcome assessment, and analysis.  

 The 3 PCSs reported mixed results. One study found an association between folic 
acid use in the first trimester and lower incidence of preeclampsia in the full study 
sample, and specifically among those with a BMI ≥25 kg/m2; another study found a 
statistically significant association between folic acid use at 12 to 20 weeks 
gestation and lower incidence of preeclampsia among high-risk women. A third 
study did not find a significant association between folic acid supplementation pre 
and/or post-conception (4 weeks before to 8 weeks after last menstrual period) and 
preeclampsia. In addition to problems related to confounding, these studies did not 
account for potential changes in folic acid supplementation during pregnancy. 
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 No articles were identified that met the inclusion criteria related to folic acid intake 
from fortified foods and risk of hypertensive disorders during pregnancy. 

Description of the evidence 

This systematic review included articles that address the relationship between folic 
acid from supplements and/or fortified foodsii consumed before and during pregnancy 
and the risk of hypertensive disorders during pregnancy (Figure 3). The search 
included articles from countries categorized as high or very high on the Human 
Development Indexiii and published between January 1980 and July 2019. Studies 
included generally healthy women up to 6 months before pregnancy and during 
pregnancy at the time of the intervention or exposure. Study designs that were 
included were: RCTs, NRCTs, prospective and retrospective cohort studies, nested 
case-control studies, and uncontrolled before-and-after studies. 

The health outcomes for this systematic review included: gestational hypertension, 
preeclampsia, and eclampsia; blood pressure (systolic and diastolic) and proteinuria 
were intermediate outcomes. Outcomes were defined based on The American College 
of Obstetricians and Gynecologists most recent definitions.xxiii Gestational 
hypertension is systolic blood pressure ≥140 mm Hg or a diastolic blood pressure of 
≥90 mm Hg, or both, on two occasions ≥4 hours apart after 20 weeks of gestation in a 
woman with a previously normal blood pressure. Pre-eclampsia is gestational 
hypertension with proteinuria or new-onset of other symptoms, including 
thrombocytopenia (platelet count <100,000/µl), progressive renal insufficiency (>1.1 
mg/dl or doubling of serum creatinine in the absence of other renal disease), impaired 
liver function (twice normal blood concentration of liver transaminases), pulmonary 
edema, headache unresponsive to medication and not accounted for by alternative 
diagnoses or visual symptoms). Proteinuria is defined as ≥300 mg/dL of protein in a 
24-hour urine collection or a protein-to-creatinine ratio of ≥0.30. If urinalysis is the only 
means of assessment, a dipstick of 2+ can also be used to identify proteinuria.  
Eclampsia is defined by new-onset tonic-clonic, focal, or multifocal seizures in the 
absence of other causative conditions such as epilepsy, cerebral arterial ischemia and 
infarction, intracranial hemorrhage, or drug use. 

This body of evidence included 8 studies (3 RCTs,16-18 2 NRCTs,15,19 and 3 
prospective cohort studies (PCS)20-22) (see Table 11 and Table 12 for study 
characteristics and results; see Figure 7 for search results). The RCTs took place in 
Iran; the NRCTs were conducted in Italy19 and China15; and the PCSs were from 
Canada (Ottawa and Kingston (Oak) birth cohort),22 Australia (Environments for 
Healthy Living (EFHL) cohort),21 and Denmark (Danish Birth Cohort).20  

Participant characteristics 
Across the body of evidence, women were mostly between the age of 20 and 40 
years. The RCTs had a mean age of approximately 25 years. Women in the RCTs 
were living in Iran and had a mean BMI of approximately 25 kg/m2. Race/ethnicity was 
either not reported (studies from Iran,16-18 China,15 and Denmark20) or tended to have a 
majority of Caucasians.19,21,22 One NRCT specifically recruited women who had 
preeclampsia in an immediately preceding pregnancy.19 Racially and ethnically diverse 

                                            

xxiii ACOG Practice Bulletin No. 202: Gestational Hypertension and Preeclampsia. Obstet Gynecol. 
2019;133(1):e1. doi:10.1097/AOG.0000000000003018 
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populations were underrepresented in the PCSs, which were conducted in Denmark,20 
Australia,21 and Canada.22 The sample sizes of the PCSs allowed authors to examine 
the association between folic acid supplementation and hypertensive disorders among 
both high and low risk groups, as detailed in the Evidence Synthesis. 

Interventions/Exposures 

Dose and composition 

The controlled trials (both the RCTs and NRCTs) provided an intervention that lasted 
from early pregnancy through delivery. Each of the 3 RCTs had 2 intervention arms: a 
low dose folic acid supplement (either 0.5 mg/d or 1.0 mg/d) and a high dose folic acid 
supplement (5.0 mg/d). In the double blind RCT by Shahraki et al,18 women were given 
either 1.0 mg/d or 5.0 mg/d folic acid and asked not to use multivitamins during 
pregnancy. In the other 2 RCTs conducted by the same group, women were given 
either 0.5mg/d or 5.0mg/d folic acid; in addition, all women were given 1 g/d calcium 
and 60 mg/d ferrous sulfate from 14 weeks gestation to delivery.16,17 In 1 NRCT, 
women elected to take 15 mg/d 5-MTHF supplements daily plus aspirin (intervention 
group) or declined the 5-MTHF supplementation and took aspirin daily (control 
group).19 In the other NRCT, women were guided to take daily folic acid supplements 
based on a dose individualized according to genotype and stage of pregnancy (folic 
acid dose was either 400 mg/d or 800 mg/d, varying by time point: 3 months before 
pregnancy, early pregnancy, and late pregnancy), without reference to the use of other 
supplements during pregnancy.15  

Timing of exposure 

One key difference in the PCS compared to the controlled trials is the timing of folic 
acid exposure. While the trial interventions lasted from early pregnancy up to 
delivery,15-19 the cohort studies looked for associations between folic acid 
supplementation in early pregnancy with hypertensive disorders later in pregnancy, 
without accounting for changes in folic acid use during pregnancy.20-22 Exposure data 
was assessed at one point in time by self-report in the cohort studies.  

Outcome 
A primary outcome for most studies was preeclampsia, but RCTs also reported other 
outcomes including: eclampsia, gestational hypertension, blood pressure, and 
proteinuria. The outcome definitions from the papers were similar to the ACOG 
definitions. The most common difference in definitions was related to gestational 
hypertension and preeclampsia. Some papers either did not report a time requirement 
between blood pressure measurements (i.e. blood pressure readings “on 2 occasions 
≥4 hours apart” (ACOG)) or used “≥6 hours apart” instead of “≥4 hours apart.” 

Evidence synthesis 

Eight studies examining the relationship between folic acid intake from supplements 
and risk of hypertensive disorders during pregnancy were included in the review. 
Three of these studies were RCTs,16-18 2 were NRCTs,15,19 and 3 were prospective 
cohort studies.20-22 Results varied across the body of evidence. The RCTs16-18 reported 
no statistically significant effect of high doses compared to low doses of folic acid 
supplement (5.0 mg/d vs 0.5 mg/d or 1.0 mg/d, respectively) on eclampsia, 
preeclampsia, gestational hypertension, blood pressure (systolic and diastolic), and 
proteinuria. The 2 NRCTs reported statistically significant protective effects of folic acid 
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supplementation compared to no supplementation on gestational hypertension and 
preeclampsia.15,19 The prospective cohort studies had mixed findings (See Table 
12).20-22  

Three RCTs, which all took place in generally healthy women in Iran, reported no 
difference in hypertensive disorders during pregnancy between low dose and high 
dose folic acid supplementation.16-18 Two of these studies were from the same 
research center and had very similar designs and sample populations (N=46017 and 
N=24616). They compared 0.5 mg/d to 5.0 mg/d of folic acid and found no effect of folic 
acid dose on blood pressure. Across both studies, only 1 case of gestational 
hypertension was identified; no cases of preeclampsia or eclampsia were identified. 
The third study, also in generally healthy women from Iran but from a different 
research center, compared 1.0 mg/d to 5.0 mg/d of folic acid.18 This study had a larger 
sample size (N=900) compared to the other RCTs and more cases of preeclampsia 
(17 cases in the low folic acid group, 11 cases in the high folic acid group); yet there 
were no significant differences in prevalence, severity, or time of onset of 
preeclampsia between the groups.  

In contrast, 2 NRCTs found a statistically significant effect of folic acid supplementation 
on gestational hypertension15 and preeclampsia.19 In a trial by Saccone et al19 women 
who had preeclampsia in a previous pregnancy and elected to take 15 mg/d of 5-
MTHF supplements and aspirin during pregnancy had a lower incidence of 
preeclampsia compared to those who only took aspirin (21.7 percent and 39.7 percent, 
respectively). Further, in a subgroup analysis in women without other medical 
conditions, those who were supplemented with 5-MTHF had lower incidence of 
preeclampsia, severe preeclampsia, and early onset preeclampsia compared to 
women who did not take 5-MTHF supplements. Li15 reported that women with an 
individualized folic acid supplementation plan presented with fewer cases of 
gestational hypertension than women who did not take folic acid supplements 
throughout pregnancy.  

Results were mixed from the 3 prospective cohort studies that examined the 
association between folic acid supplementation in early pregnancy and incidence of 
preeclampsia. Unlike the trials, the exposure period for these studies was only 
assessed in early pregnancy with no indication of supplementation changes 
throughout pregnancy. Vanderlelie et al21 found that folic acid supplement use in the 
first trimester was associated with a lower incidence of preeclampsia compared to no 
supplement use (1.26 percent and 2.9 percent, respectively). This was true for the full 
study population and specifically in women with BMI ≥25 kg/m2, but not among women 
with BMI <25 kg/m2. While Wen et al22 did not find a statistically significant association 
between folic acid use in early pregnancy and risk of preeclampsia for the study 
sample, folic acid use was associated with reduced risk of preeclampsia in a subgroup 
of high-risk women. High-risk was defined as a prepregnancy BMI ≥35 kg/m2, 
preeclampsia in a previous pregnancy, chronic hypertension, diabetes, or multiple 
pregnancy. Finally, Catov20 did not find a statistically significant association between 
folic acid supplementation during pre- and post-conception (from 4 weeks before the 
last menstrual period to 8 weeks after the last menstrual period) or post-conception 
only (3 to 8 weeks after last menstrual period) on risk of preeclampsia.   

There are substantial differences among the studies and important limitations to 
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consider. First, the 3 RCTs are controlled studies in which the intervention began in 
early pregnancy and continued through delivery. Each RCT compared a lower to 
higher dose folic acid supplementation, but unlike the rest of the evidence, they did not 
include a control group with no folic acid supplementation. Participants were generally 
healthy and likely at low-risk for hypertensive disorders of pregnancy. Further, some 
participant characteristics were not reported or accounted for.  

The non-randomized trials also started in early pregnancy and continued through 
delivery. However, the sample in the Saccone et al19 study was comprised only of 
high-risk women (women who had preeclampsia in the preceding pregnancy) and a 
higher dose than the other NRCTs (15 mg/d 5-MTHF). The Li et al15 study lacked 
explanation of intervention, outcome, and analysis methods. One other concern worth 
noting is that Li et al15 indicated that the individualized supplementation plan began 3 
months prior to pregnancy, yet, women were recruited after the start of pregnancy. 
Further, in both NRCTs certain key confounders were not accounted for and could 
have differed between groups. While Saccone et al19 accounted for several 
confounders, the authors note that refusal to participate in the intervention was likely 
due to economic reasons; the only confounder that Li et al15 accounted for was 
smoking status.  

In the 3 prospective cohort studies folic acid supplement use during early pregnancy 
was the exposure, but time of assessment varied. Wen et al22 noted that folic acid use 
was assessed any time between 12 and 20 weeks gestation possibly resulting in 
different time to follow-up across the participants. Vanderlelie et al21 recruited women 
at any point during pregnancy and asked about supplementation during the first 
trimester, introducing potential for recall bias. Catov et al20 on the other hand, obtained 
more detailed information on supplement use from pre-conception to post-conception. 
These studies did not account for potential changes in supplement use during 
pregnancy or differences in doses that could have impacted the results. Further, all 
exposure data was based on self-report.  

Publication bias is always a consideration, however it is not a serious concern for this 
body of evidence because half of the studies reported only non-significant findings 
while the other half report significant findings or a mix of significant and non-significant.  
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Assessment of the evidencexxiv 

The conclusion statement “evidence suggests that folic acid supplements consumed 
during early pregnancy may have a beneficial effect on reducing the risk of 
hypertensive disorders during pregnancy among women at high-risk (e.g. history of 
preeclampsia or pre-pregnancy BMI ≥25 kg/m2) compared to no folic acid 
supplementation” was assigned a grade of limited. This conclusion statement is 
supported by the 2 NRCTs and the 3 prospective cohort studies, and no RCT data. As 
outlined and described below, the body of evidence examining folic acid 
supplementation during early pregnancy and risk of hypertensive disorders during 
pregnancy was assessed for the following elements used when grading the strength of 
evidence (Table 14): 

 Risk of Bias: The 2 NRCTs were graded as limited due to serious concerns 
about the design and conduct of the studies. For example, in the study by 
Saccone et al19 the authors speculated that many women chose to be in the 
control group rather than the intervention group due to economic reasons, yet 
socioeconomic status was not accounted for in the analysis. The study by Li et 
al15 lacked information on intervention methods and outcome assessment, and 
had missing data. There were fewer concerns related to the 3 prospective 
cohort studies. These papers controlled for all or all but 1 key confounder. The 
main risk of bias concerns across these studies were classification of exposures 
and deviation from the intended exposure. Exposures were based on self-
reported data representing folic acid supplementation before or during early 
pregnancy. Little information was provided on dose or duration of supplement 
use, and no follow-up exposure assessment was reported to indicate whether 
women adhered to the same folic acid supplementation throughout pregnancy 
prior to outcome assessment.  

 Consistency: Considering that this conclusion statement is specific to women 
at high risk for hypertensive disorders during pregnancy, consistency was 
moderate. In studies or analyses specific to high risk women, results showed a 
protective association between folic acid supplementation and incidence of 
preeclampsia.  

 Directness: The studies supporting this conclusion statement were direct, such 
that they represent the population, exposure, comparator, and outcome 
intended by the systematic review.  

 Precision: Precision was limited due to the small sample sizes and number of 
cases, differences in prevalence across studies, and wide confidence intervals.   

 Generalizability: These studies were limited in generalizability. None of the 
studies were conducted in the United States. There was little racial/ethnic 
diversity and little data provided on other participant characteristics.  
 

                                            

xxiv A detailed description of the methodology used for grading the strength of the evidence is available 
on the NESR website: https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-
reviews and in Part C of the following reference: Dietary Guidelines Advisory Committee. 2020. 
Scientific Report of the 2020 Dietary Guidelines Advisory Committee: Advisory Report to the Secretary 
of Agriculture and the Secretary of Health and Human Services. U.S. Department of Agriculture, 
Agricultural Research Service, Washington, DC. 

https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
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The conclusion statement “evidence suggests that higher levels of folic acid 
supplements consumed during pregnancy compared to lower levels (including no folic 
acid supplementation) may not have an effect on the risk of hypertensive disorders 
during pregnancy among women at low-risk” was assigned a grade of moderate. This 
conclusion was supported by the 3 RCTs and 3 prospective cohort studies. As outlined 
and described below, the body of evidence examining folic acid supplementation 
during pregnancy and hypertensive disorders during pregnancy was assessed for the 
following elements used when grading the strength of evidence (Table 13 and Table 
15): 

 Risk of Bias: Across the RCTs and PCSs, there was moderate risk of bias. 
Some of the concerns include: 1) randomization method for 1 RCT,16 2) missing 
data in another RCT,17 which may be problematic due to the low number of 
cases, and 3) none of the RCTs having preregistered protocols with a priori 
analysis plans. As noted above, the PCSs controlled for all or all but 1 key 
confounder but had other risk of bias concerns. The main risk of bias concerns 
across these studies were classification of exposures and deviation from the 
intended exposure. Exposures were based on self-reported data representing 
folic acid supplementation before or during early pregnancy. Little information 
was provided on dose or duration of supplement use, and there was no follow-
up exposure assessment to indicate whether women adhered to the same folic 
acid supplementation throughout pregnancy prior to outcome assessment.  

 Consistency: Consistency was strong, such that for all studies or analyses in 
low risk populations (including all 3 RCTs) there was no significant association 
between higher versus lower levels of folic acid supplementation and risk of 
hypertensive disorders.  

 Directness: The studies supporting this conclusion statement were direct, such 
that they represent the population, exposure, comparator, and outcome 
intended by the systematic review. 

 Precision: Precision for this evidence was moderate due to small sample sizes 
and number of cases, and concerns that studies were not sufficiently powered. 

 Generalizability: Again, no studies were conducted in the United States. The 3 
RCTs took place in relatively healthy populations in Iran. The PCSs were 
conducted in Australia, Canada and Denmark and had little racial/ethnic 
diversity and little data on other participant characteristics. Thus, the rating was 
limited. 
 

Further, no evidence is available to draw a conclusion about the relationship between 
folic acid from fortified foods consumed before and during pregnancy and the risk of 
hypertensive disorders during pregnancy. (Grade not assignable)
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Table 11. Description of studies examining the relationship between consumption of folic acid from dietary supplements 
and/or fortified foods during pregnancy and risk of hypertensive disorders during pregnancyxxv,xxvi 

Study and Population Characteristics Intervention/Exposure and Outcome(s) Confounders Accounted for and Study Limitations 

Randomized Controlled Trials   

Manizheh, 200916 
RCT; Iran (Islamic Rep. of)  
 
Baseline N=246  
Analytic N=200 (Attrition: 19%) 
Power calculation: Recruit 
N=230/group for serum Hcy 
 
Baseline characteristics: 

 Maternal age: 24.7±3.2y 

 Prepregnancy BMI: ~24.9±3.0 

 History/diagnosis (HTN or CVD): chronic 
disease excluded 

 Parity: 100% nulliparous 
 
Funding Sources: 
The Drug Research Center 

Exposure:  
Maternal intake folic acid supplements <10wk 
gestation to delivery; 2 groups:  

 0.5 mg/d (Ref, n=123)  

 5.0 mg/d (n=123) 
All received 1 g/d calcium + 60 mg/d ferrous 
sulfate from 16wk gestation to delivery  
 
Exposure assessment method: 
Single blind, randomized trial of folic acid. 
From 16wk gestation, 1 g/d calcium plus 60 
mg/d ferrous sulfate were administered to 
participants. 
 
Outcome: 

 Preeclampsia, Blood pressure (systolic and 
diastolic) at delivery 

 
Outcome assessment method: 
Systolic and diastolic BP. Severe PE: BP 
≥160/10mm Hg, proteinuria ≥2.0 g/24 hrs, or 
≥2+ dipstick, serum creatine > 1.2 mg/dl 
unless  known to be previously elevated, 
platelets <100000 mm^3, microangiopathic 
hemolysis, elevated alanine aminotransferase, 
or aspartate aminotransferase, persistent 

Confounders accounted for: 

 Maternal age, Anthropometry, History of HTN or CVD, Parity 
 
Not accounted for:  

 Key confounders: Race/ethnicity, SES, Smoking status 

 Other factors considered: PA, Substance use, Gestational age, 
GDM diagnosis 

 
Limitations:  

 Randomization and allocation method NR 

 No preregistered protocol with analysis plan 

 Unclear statistical methods 

                                            

xxv Values indicate mean± standard deviation unless otherwise stated 
xxvi BMI: body mass index; BP: blood pressure; CVD: cardiovascular disease; d: day; DNBC: Danish National Birth Cohort; EFHL: Environments for 
Healthy Living cohort; FA: folic acid; GA: gestational age; GDM: gestational diabetes; GH: gestational hypertension; Hcy: homocysteine; HTN: 
hypertension; mo: month(s); MTHF: methyltetrahydrofolate; NR: not reported; NRCT: non-randomized controlled trial; OaK: Ottawa and Kingston Birth 
Cohort; PA: physical activity; PE: pre-eclampsia; RCT: randomized controlled trial; SES: socioeconomic status; wk: week(s); y: year(s) 
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Study and Population Characteristics Intervention/Exposure and Outcome(s) Confounders Accounted for and Study Limitations 

headache or other cerebral, or visual 
disturbance and persistent epigastric pain. 

Sayyah-Melli, 201617 
RCT; Iran (Islamic Rep. of)  
 
Baseline N=460  
Analytic N=410 (Attrition: 11%) 
Power calculation: N=230/group 
(based on serum Hcy) 
 
Baseline characteristics: 

 Maternal age: 0.5mg/d FA: 25.2±3.4y, 
5.0mg/d FA: 25.2±3.8y; P=0.93  

 Prepregnancy BMI: 0.5mg/d FA: 
25.1±3.4, 5.0mg/d FA: 24.7±2.9, P=0.21 

 GDM: 100% "healthy mothers" without 
"any history of medical problems" 

 History/diagnosis (HTN or CVD): 0% 
heart disease or chronic HTN 

 Parity: 100% nulliparous 
 
Funding Sources: 
Drug Applied Research Center, Tabriz 
University of Medical Sciences 

Exposure:  
Maternal intake of folic acid from supplements 
from early pregnancy until delivery; 2 groups: 

 0.5 mg/d FA (Ref, n=230) 

 5.0 mg/d FA (n=230) 
All received 1 g/d calcium + 60 mg/d ferrous 
sulfate from 14wk gestation to delivery  
 
Exposure assessment method: 
All participants received 1 g calcium and 60 
mg ferrous sulfate from 14wk gestation 
through delivery, and either 0.5 or 5.0 mg folic 
acid/d from early pregnancy to delivery 
 
Outcome: 

 Eclampsia, Preeclampsia, Gestational 
hypertension, Proteinuria, Blood pressure 
(systolic and diastolic) 

 
Outcome assessment method: 
Blood pressure was measured monthly from 
randomization until 28wk gestation, every 2wk 
from 28-36wk gestation, and weekly from 
36wk until delivery. Urine protein was 
measured at the first visit and delivery. 
Standard outcome definitions with the 
following differences: GH and PE: blood 
pressure measured ≥6h, rather than ≥4h 
apart; Severe PE: standard definition with 
proteinura or other new-onset symptoms. 

Confounders accounted for: 

 Maternal age, Anthropometry, History of HTN or CVD, Parity 
 
Not accounted for:  

 Key confounders: Race/ethnicity, SES, Smoking status 

 Other factors considered: PA, Substance use, Gestational age, 
GDM diagnosis 

 
Limitations:  

 Participants and researchers not blinded 

 Some missing data could be problem due to low number of 
cases reported  

 No preregistered protocol with analysis plan; not clear that all 
outcome data and analyses reported (did not report results for 
proteinuria) 

Shahraki, 201618 
RCT; Iran (Islamic Rep. of)  
 
Baseline N=900  
Analytic N=900 (Attrition: 0%) 
 

Exposure:  
Maternal intake of folic acid supplements from 
first trimester until delivery; 2 groups:  

 1mg/d FA (Ref, n=450)  

 5mg/d FA (n=450)  
 

Confounders accounted for: 

 Maternal age, Anthropometry, History of HTN, Parity 
 
Not accounted for:  

 Key confounders: Race/ethnicity, SES, Smoking status 

 Other factors considered: PA, GDM diagnosis 
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Study and Population Characteristics Intervention/Exposure and Outcome(s) Confounders Accounted for and Study Limitations 

Baseline characteristics: 

 Maternal age: 28.1±5.3y 

 Prepregnancy BMI: 25±3.52 

 History/diagnosis (HTN or CVD): History 
of PE (N): 5mg FA: 23, 1mg FA: 32; 
P>0.05 

 Gravidity: 1.96±1.0 

 Substance use: 0% alcohol "abuse" 

 GA: 100% first trimester at enrollment 
 
Funding Sources: 
Isfahan University of Medical Sciences 

Exposure assessment method: 
Double-blind design; participants followed up 
monthly in the first and second trimesters to 
collect old and provide new pillboxes, then 
every 2wk until 36wk, then weekly till delivery. 
Participants asked to not to use multivitamins 
during the study. 
 
Outcome: 

 Preeclampsia, Proteinuria, Blood pressure 
(systolic and diastolic)  

 
Outcome assessment method: 
Blood pressure (systolic and diastolic) 
measured every 2wk from 20-36wk gestation 
then weekly until delivery. Standard outcome 
definitions with the following differences: no 
reassessment of BP ≥4h apart. 

 
Limitations:  

 Some participant characteristics unknown, may differ between 
groups, not accounted for in analysis (SES, smoking, physical 
activity) 

 No preregistered protocol with analysis plan 

 Power calculation NR 

Non- Randomized Controlled Trials   

Li, 201515 
NRCT; China  
 
Baseline N=7812  
Analytic N=7812 (Attrition: 0%) 
 
Baseline characteristics: 

 Maternal age: <20y ~3%, 20-30y ~71%, 
30-40y ~25%, >40y ~1%  
 
Funding Sources: 
NR 

Exposure:  
Maternal intake of folic acid supplements 
during 3mo before conception, early 
pregnancy (0-12wk gestation) and/or late 
pregnancy (13-40wk gestation); 2 groups:  

 No (Ref, n=4884) 

 Yes (n=2928) 
 
Exposure assessment method: 
NR 
 
Outcome: 

 Gestational hypertension 
 
Outcome assessment method: 
NR 
 

Confounders accounted for: 

 Smoking status 
 
Not accounted for:  

 Key confounders: Maternal age, Race/ethnicity, SES, 
Anthropometry, History of HTN or CVD, Parity 

 Other factors considered: PA, Gestational age, GDM diagnosis 
 
Limitations:  

 Intervention supposed to have started 3-mo before pregnancy 
but women recruited while pregnant   

 Did not report results by intervention subgroup; combined 
different supplement dosing plans and potentially different 
supplementation durations into one intervention group  

 No comparison of baseline characteristics between control and 
intervention groups; genotypes or risk levels of controls unknown 

 Statistical analysis methods NR 

 Power calculation NR 
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Study and Population Characteristics Intervention/Exposure and Outcome(s) Confounders Accounted for and Study Limitations 

Saccone, 201619 
NRCT; Italy  
 
Baseline N=303  
Analytic N=303 (Attrition: 0%) 
 
Baseline characteristics: 

 Maternal age: ~31±6.0y 

 Race/Ethnicity: Caucasian: 100%  

 SES: Control group declined 5-MTHF 
mostly for economic reasons 

 Prepregnancy BMI: ~27±6.2y 

 Smoking status: 16% 

 History/diagnosis (HTN or CVD): 0% 
chronic HTN; 0% prior GH without PE; 
Family history of HTN: 37% 

 Parity: Gravidity: 2.2, GA: Prior delivery: 
35±3.6wk 

 MTHFR status: 0% MTHFR mutations 

 All women had PE in immediately 
previous pregnancy 
 
Funding Sources: 
No financial support received for this 
study 

Exposure:  
Maternal intake of 15 mg/d 5-MTHF 
supplementation; from <14 wk gestation 
through delivery; 2 groups:  

 Control: aspirin alone (Ref, n=146) 

 Intervention:15 mg/d 5-MTHF + aspirin 
(n=157)  

 
Exposure assessment method: 
Women with singleton pregnancy and 
diagnosis of preeclampsia in the immediately 
previous pregnancy were offered and declined 
(Controls, n=146) or accepted (Intervention, 
n=157) supplementation with 15 mg/d 5-MTHF 
from first trimester assessment (<14 wk 
gestation) through delivery. All women 
included in the study received 100 mg/d 
aspirin. 
 
Outcome: 

 Preeclampsia 
 
Outcome assessment method: 
Standard outcome definitions with the 
following differences: includes BP ≥160/110 
mmHg once; severe PE: PE with either: BP 
≥160/110 mmHg, ≥4h apart on bed rest 
(unless on anti-hypertensive) OR other new-
onset symptoms 

Confounders accounted for: 

 Maternal age, Race/ethnicity, Anthropometry, Smoking status, 
History of HTN or CVD, Parity 

 
Not accounted for:  

 Key confounders: SES 

 Other factors considered: PA, Substance use, Gestational age, 
GDM diagnosis 

 
Limitations:  

 Control group declined 5-MTHF mostly for economic reasons 

 No preregistered protocol with analysis plan; results reported for 
multiple subgroups  

 Power calculation NR 

Cohort Studies   

Catov, 200920 
PCS (DNBC); Denmark  
 
Baseline N=10050  
Analytic N=10050 (Attrition: 0%) 
 
Baseline characteristics: 

Exposure:  
Maternal intake of folic acid supplements 
during periconceptional period (4 wk before 
LMP – 8 wk after LMP); 2 groups:  

 Non-users (Ref, n=7582) 

 FA-only users (n=2468)  
 
Exposure assessment method: 

Confounders accounted for: 

 Maternal age, Race/ethnicity, SES, Anthropometry, Smoking 
status, History of HTN or CVD, Parity 

 
Not accounted for:  

 Other factors considered: GDM diagnosis 
 
Limitations:  
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Study and Population Characteristics Intervention/Exposure and Outcome(s) Confounders Accounted for and Study Limitations 

 Maternal age: <21y: 2.1%, 21–25y: 
15.5%, 26–30y: 40.7%, 31–35y: 30.3%, 
≥36y: 11.4%  

 Race/Ethnicity: Maternal country of 
origin: Denmark or other Nordic 
countries: 96.2%, Greenland and Faroe 
Islands: 0.8%, Other: 2.9%  

 SES: Low sociooccupational status 
(unskilled, unemployed): 6.1% 

 Prepregnancy BMI: <18.5: 4.3%, 18.5–
24.9: 63.8%, 25–29.9: 21.3%, ≥30: 
10.6% 

 Smoking status: 1–10 cigarettes/d: 
14.3%, >10 cigarettes/d: 5.0% 

 History/diagnosis (HTN or CVD): 
Chronic hypertension: 1.5% 

 Parity: Multiparous: 53.6% 

 PA: 0 min/wk: 66.2%, 1-180 min/wk: 
26.4% 

 Substance use: 0 drinks/wk: 56.1%, 
0.5–3 drinks/wk: 41.3%, >3 drinks/wk: 
2.5% 

 GA: At recruitment: ~11±3.6wk 
 
Funding Sources: 
Danish National Research Foundation; 
the Pharmacy Foundation; the Egmont 
Foundation; the March of Dimes Birth 
Defects Foundation; the Augustinus 
Foundation, the Health Foundation; the 
BIRCWH 

At recruitment (10.8±3.6wk, range 5-24wk), 
women completed a table indicating weekly 
supplement type and frequency from 4wk 
before last menstrual period (LMP) through 
14wk after the LMP. 
 
Outcome: 

 Preeclampsia  
 
Outcome assessment method: 
Standard outcome definitions with the 
following differences: no requirement of 2 
blood pressure measures ≥4h apart, no option 
of diagnosis with other new-onset symptoms; 
PE categorized into those delivered at term 
(≥37 wk) or preterm (<37 wk). 
 
 

 Exposure based on self-report at recruitment 

 Participants may have changed supplementation during 
pregnancy 

 No preregistered protocol with analysis plan 

Vanderlelie, 201621 
PCS (EFHL); Australia  
 
Baseline N=2619  
Analytic N=2261 (Attrition: 14%) 
 
Baseline characteristics: 

Exposure:  
Maternal intake of folic acid supplements 
during first trimester; 2 groups: 

 No supplement (Ref, n=1066) 

 Folate only (n=476) 
 
Exposure assessment method: 

Confounders accounted for: 

 Maternal age, Race/ethnicity, SES, Anthropometry, Smoking 
status, Parity, GDM diagnosis 

 
Not accounted for:  

 Key confounders: History of HTN or CVD 

 Other factors considered: PA, Substance use, Gestational age 



 
 

80  

Study and Population Characteristics Intervention/Exposure and Outcome(s) Confounders Accounted for and Study Limitations 

 Maternal age:  
o <18y: ~1% 
o 18-21y: ~11% 
o 22-24y: ~15% 
o 25-29y: ~30% 
o 30-34y: 25% 
o ≥35y: ~19% 

 Race/Ethnicity: Aboriginal and Torres 
Strait Islander descent: ~2%  

 SES: Household income quintile:  
o 1: ~17% 
o 2: ~17% 
o 3: ~18% 
o 4: ~16% 
o 5: ~15% 
o Declined to answer: ~16% 

 Prepregnancy BMI:  
o <18.5: ~8% 
o 18.5-24.9: ~51% 
o 25-29.9: ~20% 
o 30-34.9: ~12% 
o ≥35: ~7% 

 Smoking status: Smoker: ~25% 

 Parity:  
o Nulliparous: ~27% 
o Multiparous: ~73% 
 
Funding Sources: 
Griffith University 

Self-reported questionnaire at baseline to 
assess maternal characteristics, including 
supplement use. Data were obtained for 
multivitamin/mineral preparations, folate, zinc, 
calcium, vitamin C, vitamin E, iron and other 
supplements with individual questions for each 
supplement related to supplement use in the 
periconception period, first, second and third 
trimesters of pregnancy. 
Women also had the opportunity to name the 
preparation, which in a number of cases was a 
multivitamin/mineral supplement. For these 
cases, use of the ‘other supplement’ was 
considered a multivitamin/mineral and 
included in the analysis. 
 
Outcome: 

 Preeclampsia 
 
Outcome assessment method: 
Diagnosed in hospital; Standard outcome 
definitions with the following differences: BP 
>140/90 mmHg or a rise of >30 mmHg or >15 
mmHg above initial systolic and diastolic 
pressures, respectively, and proteinuria 
 
 

 
Limitations:  

 Not all key confounders accounted for 

 Dose, duration of FA supplementation unknown 

 Self-report of supplementation from different stages of 
pregnancy (some retrospectively); Participants may have 
changed supplementation during pregnancy 

 Study registered but no preregistered analysis plan 

Wen, 201622 
PCS (OaK); Canada  
 
Baseline N=8085  
Analytic N=7669 (Attrition: 5%) 
 
Baseline characteristics: 

 Maternal age:  

 <20y: n=2.3% 

Exposure:  
Maternal intake of folic acid supplements; at 
12-20wk gestation; 2 groups:  

 No supplement (Ref, n=404) 

 FA alone (n=625)  
 
Exposure assessment method: 

Confounders accounted for: 

 Maternal age, Race/ethnicity, SES, Anthropometry, Smoking 
status, History of HTN or CVD, Parity 

 
Not accounted for:  

 Other factors considered: PA, Substance use, GDM diagnosis 
 
Limitations:  

 Exposure based on self-report at enrollment which varied 
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Study and Population Characteristics Intervention/Exposure and Outcome(s) Confounders Accounted for and Study Limitations 

 20-29y: (39.6%) 

 30-34y: 37.0%, ≥35y: 21.1% 

 Race/Ethnicity:  
o Aboriginal: 0.49% 
o White: 74.6% 
o Middle Eastern: 2.4% 
o Africa: 1.2% 
o Asian: 4.7% 
o Other: 16.6%  

 SES: Education:  
o High school and below: 14.6% 
o College/university not completed: 9.9% 
o College/university completed: 75.4% 

 Household income ($CAD): <25000: 
5.4%, 25,000–49,999: 15.5%, 50,000–
79,999: 27.3%, ≥80,000: 4.5% 

 Prepregnancy BMI: <18.5: 5.5%, 18.5–
24: 56.8%, 25–29: 22.7%, ≥30: 9.2%, 
≥35: 5.8% 

 Smoking status: Smokers: 11.4% 

 History/diagnosis (HTN or CVD): 
Chronic Hypertension: 1.2% 

 Parity: Parity ≥1: 49.8% 

 Substance use: Alcohol use: 0.8% 

 GA: At recruitment: ≤12wk: 58.1%, 13–
15wk: 27.0%, 16–20wk: 14.9% 
 
Funding Sources: 
Canadian Institutes of Health Research 

Maternal self-report of folic acid 
supplementation at recruitment (12-20wk 
gestation) and at delivery (delivery data NR). 
 
Outcome: 

 Preeclampsia  
 
Outcome assessment method: 
Standard outcome definitions with the 
following differences: blood pressure 
measures ≥6h apart rather than ≥4h apart 
 
 

between 8 – 20 GW 

 Dose, duration of FA supplementation unknown; Participants 
may have changed supplementation during pregnancy 

 Few participants consumed no supplements or folic acid alone 
resulting in low power 

 No preregistered protocol with analysis plan 
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Table 12. Results from studies that examined the relationship between folic acid intake from dietary supplements and/or 
fortified foods during pregnancy and risk of hypertensive disorders of pregnancyxxvii, xxviii 

Article Intervention/Exposure Outcome and Results 

Randomized Controlled Trials   

Manizheh, 200916 
RCT; Iran (Islamic Rep. of)  
 
Summary:  
Consuming 0.5 or 5.0 mg/d folic acid 
from first trimester of pregnancy to 
delivery was not associated with 
maternal blood pressure at delivery. 
 
Limitations: 

 Randomization and allocation method 
NR 

 No preregistered protocol with analysis 
plan 

 Unclear statistical methods 

Maternal intake folic acid supplements 
<10wk gestation to delivery; 2 groups:  

 0.5 mg/d (Ref, n=123)  

 5.0 mg/d (n=123) 
All received 1 g/d calcium + 60 mg/d ferrous 
sulfate from 16wk gestation to delivery 

Any pregnancy-induced hypertension 

 0.5 mg/d FA: n=0  

 5.0 mg/d FA: n=0 
 
Systolic BP (mmHg, Mean±SD), P=0.32 (comparison not clear) 

 0.5 mg/d FA:  
o @ First trimester: 117.24±6.91 
o @ Delivery: 117.23±11.48 

 5.0 mg/d FA:  
o @ First trimester: 114.01±8.78 
o @ Delivery: 114.16±9.05 
 
Diastolic BP (mmHg, Mean±SD), P=0.42 (comparison not clear) 

 0.5 mg/d FA:  
o @ First trimester: 76.46±5.58 
o @ Delivery: 76.69±8.62 

 5.0 mg/d FA:  
o @ First trimester: 74.90±7.45 
o @ Delivery: 73.30±8.90 
 
24hr urine protein (mg, Mean±SD), P=<0.001 (comparison not 
clear) 

 0.5 mg/d FA:  
o @ First trimester: 33.96±36.55 
o @ Delivery: 105.85±109.10 

 5.0 mg/d FA:  
o @ First trimester: 25.90±33.10 

                                            

xxvii AOR: adjusted odds ratio; BMI: body mass index; BP: blood pressure; d: day; DNBC: Danish National Birth Cohort; EFHL: Environments for Healthy 
Living cohort; FA: folic acid; LMP: last menstrual period; mo: month(s); MTHF: methyltetrahydrofolate; NR: not reported; NRCT: non-randomized controlled 
trial; NS: Non-significant; OaK: Ottawa and Kingston Birth Cohort; PE: pre-eclampsia; RCT: randomized controlled trial; SD: standard deviation; SES: 
socioeconomic status; wk: week(s) 
xxviii Statistically significant findings bolded 
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Article Intervention/Exposure Outcome and Results 

o @ Delivery: 44.29±66.14 
 

Sayyah-Melli, 201617 
RCT; Iran (Islamic Rep. of)  
 
Summary:  
Consuming 5.0 mg/d vs 0.5 mg/d folic 
acid supplements throughout pregnancy 
was not associated with differences in 
blood pressure, risk of gestational 
hypertension, pre-eclampsia or 
eclampsia. 
 
Limitations: 

 Participants and researchers not 
blinded 

 Some missing data could be problem 
due to low number of cases reported  

 No preregistered protocol with analysis 
plan; not clear that all outcome data 
and analyses reported (did not report 
results for proteinuria) 

Maternal intake of folic acid from 
supplements from early pregnancy until 
delivery; 2 groups: 

 0.5 mg/d FA (n=230) 

 5.0 mg/d FA (n=230) 
All received 1 g/d calcium + 60 mg/d ferrous 
sulfate from 14wk gestation to delivery 

Eclampsia, P=NR 

 0.5mg/d FA: n=0 (0%) 

 5.0mg/d FA: n=0 (0%) 
 
Pre-eclampsia, P=NR 

 0.5mg/d FA: n=0 (0%) 

 5.0mg/d FA: n=0 (0%) 
 
Gestational hypertension, P=NR 

 0.5mg/d FA: n=1 (0.9%) 

 5.0mg/d FA: n=0 (0%) 
 
Systolic BP (Mean±SD mmHg), Independent T-test; NS, P>0.05 

 0.5mg/d FA:  
o Baseline: 118.92±8.11  
o Endpoint: 120.59±10.61 

 5.0mg/d FA:  
o Baseline: 116.31±9.52  
o Endpoint: 117.36±9.51 
 
Diastolic BP (Mean±SD), Independent T-test; NS, P>0.05 

 0.5mg/d FA:  
o Baseline: 76.50±5.87  
o Endpoint: 78.07±7.18 

 5.0mg/d FA:  
o Baseline: 74.57±7.53  
o Endpoint: 74.73±7.44  

Shahraki, 201618 
RCT; Iran (Islamic Rep. of)  
 
Summary:  
Consuming 5mg vs 1mg folic acid 
supplements throughout pregnancy was 
not associated with reduced prevalence 
of pre-eclampsia and did not alter the 
severity or onset of pre-eclampsia. 

Maternal intake of folic acid supplements 
from first trimester until delivery; 2 groups:  

 1mg/d FA (Ref, n=450)  

 5mg/d FA (n=450) 

PE prevalence: Independent t-test, P >0.05 

 1 mg FA: n=17 (3.8%) 

 5 mg FA: n=11 (2.4%) 
 
Severity of PE: Fisher's test, P=0.2 

 1 mg FA: Non severe PE: n=15 (88.2%), Severe PE: n=2 (11.8%) 

 5 mg FA: Non severe PE: n=11 (100%), Severe PE: n=0 (0%)  
 
Onset of PE: Fisher's test, P=0.06 
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Article Intervention/Exposure Outcome and Results 

 
Limitations: 

 Some participant characteristics 
unknown, may differ between groups, 
not accounted for in analysis (SES, 
smoking, physical activity) 

 Power calculation NR 

 1 mg FA: <34wk: n=9 (52.9%), ≥34wk: n=8 (47.1%) 

 5 mg FA: <34wk: n=2 (18.2%), ≥34wk: n=9 (81.8%) 
 
BP among PE patients, Fisher's test, P=0.6 

 1 mg FA:  
o ≥140/90 mmHg: n=16 (94.1%) 
o ≥160/110 mmHg: n=1 (5.9%) 

 5 mg FA:  
o ≥140/90 mmHg: n=11 (100%) 
o ≥160/110 mmHg: n=0 (0%) 
 
24h urinary protein among PE patients, Fisher's test, P=0.4 

 1 mg FA:  
o ≥300 mg: n=16 (94.1%) 
o ≥500 mg: n=1 (5.9%) 

 5 mg FA:  
o ≥300 mg: n=11 (100%) 
o ≥500 mg: n=0 (0%) 
 
Protein urine dipstick among PE patients, Fisher's test, P=0.7 

 1 mg FA:  
o ≤1: n=1 (5.9%) 
o ≥2: n=16 (94.1%) 

 5 mg FA:  
o ≤1: n=1 (9.1%) 
o ≥2: n=10 (90.9%) 

Non-Randomized Controlled Trials   

Li, 201515 
NRCT; China  
 
Summary:  
Women who consumed folic acid 
supplementation during 3mo (400 or 800 
µg/d) before conception, early pregnancy 
(0-12wk gestation, 400 or 800 µg/d) 
and/or late pregnancy (13-40wk 
gestation, 0 or 400 µg/d) had significantly 
lower cases of gestational hypertension 

Maternal intake of folic acid supplements 
during 3mo before conception, early 
pregnancy (0-12wk gestation) and/or late 
pregnancy (13-40wk gestation); 2 groups:  

 No (Ref, n=4884) 

 Yes (n=2928) 

Gestational hypertension, Analysis NR, P<0.05 

 Control: n=48 (0.98%) 

 Intervention: n=1 (~0%) 
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Article Intervention/Exposure Outcome and Results 

compared to women who did not 
consume folic acid supplements. 
 
Limitations: 

 Intervention supposed to have started 
3mo before pregnancy but women 
recruited while pregnant   

 Did not report results by intervention 
subgroup; combined different 
supplement dosing plans and 
potentially different supplementation 
durations into one intervention group  

 No comparison of baseline 
characteristics between control and 
intervention groups; genotypes or risk 
levels of controls unknown 

 Statistical analysis methods NR 

 Power calculation NR 

Saccone, 201619 
NRCT; Italy  
 
Summary:  
In pregnant women with prior 
preeclampsia, consuming 15 mg/d 5-
MTHF was associated with lower 
incidence of overall preeclampsia, 
severe preeclampsia, early-onset 
preeclampsia, and late-onset 
preeclampsia compared to no 5-MTHF 
supplementation. 
 
Limitations: 

 Control group declined 5-MTHF mostly 
for economic reasons 

 No preregistered protocol with analysis 
plan; results reported for multiple 
subgroups 

 Power calculation NR 

Maternal intake of 15 mg/d 5-MTHF 
supplementation; from <14 wk gestation 
through delivery; 2 groups:  

 Control: aspirin alone (Ref, n=146) 

 Intervention:15 mg/d 5-MTHF + aspirin 
(n=157) 

Incidence of overall PE, Chi-square or Fischer exact test, P=0.019 

 Control: n=58 (39.7%) 

 5-MTHF: n=34 (21.7%), OR=0.57, 95% CI: 0.25, 0.69 
 
Incidence of mild PE, Chi-square or Fischer exact test, P=0.022 

 Control: n=45 (30.8%) 

 5-MTHF: n=29 (18.5%), OR=0.37, 95% CI: 0.18, 0.74 
 
Incidence of severe PE,  Chi-square or Fischer exact test, P=0.041 

 Control: n=13 (8.9%) 

 5-MTHF: n=5 (3.2%), OR=0.44, 95% CI: 0.12, 0.97 
 
Incidence of early-onset PE,  Chi-square or Fischer exact test, 
P=0.033 

 Control: n=11 (7.5%) 

 5-MTHF: n=3 (1.9%), OR=0.34, 95% CI: 0.07, 0.87 
 
Incidence of late-onset PE,  Chi-square or Fischer exact test, 
P=0.023 

 Control: n=47 (32.2%) 
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Article Intervention/Exposure Outcome and Results 

 5-MTHF: n=31 (19.7%) OR=NR 
 

Sub-analysis of women without medical conditions: 
Incidence of overall PE,  Chi-square or Fischer exact test, P<0.05 

 Control: 39.3% 

 5-MTHF: 20.2%, OR=0.51, 95% CI: 0.32, 0.82 
 
Incidence of severe PE,  Chi-square or Fischer exact test, P<0.05 

 Control: 11.2% 

 5-MTHF: 3.0%, OR=0.10, 95% CI: 0.03, 0.33 
 
Incidence of early-onset PE,  Chi-square or Fischer exact test, 
P<0.05 

 Control: 10.1% 
5-MTHF: 2.0%, OR=0.20, 95% CI: 0.04, 0.90 

Cohort Studies   

Catov, 2009 20 
PCS (DNBC); Denmark  
 
Summary:  
Folic acid supplementation during the 
periconceptional period is not associated 
with the risk of preeclampsia 
 
Limitations: 

 Exposure based on self-report at 
recruitment; Participants may have 
changed supplementation during 
pregnancy 

 No preregistered protocol with analysis 
plan 

Maternal intake of folic acid supplements 
during periconceptional period (4 wk before 
LMP – 8 wk after LMP); 2 groups:  

 Non-users (Ref, n=7582) 

 FA-only users  
(n=2468) 

Risk of PE among all women, Cox regression, P=NS 

 Non-users: (Ref) 

 FA during pre- and post-conception (4 wk before LMP – 8 wk after 
LMP): HR=0.98, 95% CI: 0.50, 1.92 

 FA during post-conception only (3 wk after LMP – 8 wk after LMP): 
HR=0.95, 95% CI: 0.55, 1.66 

 
Risk of PE among normal-weight women, Cox regression, P=NS 

 FA during post-conception only: HR=0.80, 95% CI: 0.51, 1.26 

Vanderlelie, 2016 21 
PCS (EFHL); Australia  
 
Summary:  
Consuming folic acid supplements during 
the first trimester was associated with 
significantly reduced odds of 

Maternal intake of folic acid supplements 
during first trimester; 2 groups: 

 No supplement (Ref, n=1066) 
Folate only (n=476) 

Prevalence (%) and Adjusted Odds Ratio (AOR) of preeclampsia: 

 All (n=1542):  
o No supplement (Ref): 2.9% 
o Folate only: 1.26%; AOR: 0.42, 95% CI: 0.13, 0.98 

 

 BMI <25 (n=1305*):  
o No supplement (Ref): 1.87% 
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Article Intervention/Exposure Outcome and Results 

preeclampsia compared to not 
consuming a supplement in the full study 
population as well as for those with a 
prepregnancy BMI ≥25. 
 
Limitations: 

 Not all key confounders accounted for 

 Dose, duration of FA supplementation 
unknown 

 Self-report of supplementation from 
different stages of pregnancy (some 
retrospectively); Participants may 
have changed supplementation during 
pregnancy 

 Study registered but no preregistered 
analysis plan 

o Folate only: 1.14%; AOR: 0.72, 95% CI: 0.39, 1.35 
 

 BMI ≥25 (n=956*):  
o No supplement (Ref): 4.6% 
o Folate only: 2.36%; AOR: 0.55, 95% CI: 0.31, 0.96 

 
*Note: N includes 3 groups: (1) No supplement, (2) Folate only, and 
(3) Multivitamin. Results for Multivitamin was not included in this table 
(not relevant to SR question) 

Wen, 2016 22 
PCS (OaK); Canada  
 
Summary:  
Consuming folic acid supplements 
compared to no supplements during 12-
20wk gestation was associated with 
lower risk of preeclampsia among high-
risk women, but the difference was not 
statistically significant among low-risk 
women or women overall. 
 
Limitations: 

 Exposure based on self-report at 
enrollment which varied between 8 – 
20 GW 

 Dose, duration of FA supplementation 
unknown; Participants may have 
changed supplementation during 
pregnancy 

 Few participants consumed no 
supplements or folic acid alone 

Maternal intake of folic acid supplements; at 
12-20wk gestation; 2 groups:  

 No supplement (Ref, n=404) 

 FA alone (n=625) 

Preeclampsia in all women, Multiple logistic regression: 

 No supp (Ref): n=17 (4.2%) 

 FA alone: n=24 (3.8%); OR=0.76, 95% CI: 0.36, 1.62 
 

Preeclampsia in low-risk women (n=899). Multiple logistic 
regression: 

 No supp (Ref, n=348)): n=9 (2.6%) 

 FA alone (n=551): n=18 (3.3%), OR=1.35, 95% CI: 0.52, 3.51 
 
Preeclampsia in high-risk women (BMI ≥35, previous 
preeclampsia history, chronic hypertension, diabetes, multiple 
pregnancy, n=130), Multiple logistic regression: 

 No supp (Ref; n=56): n=8 (14.3%) 

 FA alone (n=74): n=6 (8.1%), OR=0.17, 95% CI: 0.03, 0.95 
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Article Intervention/Exposure Outcome and Results 

resulting in low power 

 No preregistered protocol with analysis 
plan 
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Table 13. Risk of bias for randomized controlled trials examining folic acid from dietary supplements and/or fortified 
foods during pregnancy and risk of hypertensive disorders of pregnancyxxix, xxx 

 

 

 

 

 

 

Table 14. Risk of bias for non-randomized controlled trials examining folic acid from dietary supplements and/or 
fortified foods during pregnancy and risk of hypertensive disorders of pregnancyxxxi 

 
Confounding Selection of 

participants 
Classification 

of 
interventions 

Deviations 
from intended 
interventions 

Missing data Outcome 
measurement 

Selection of 
the reported 

result 

Li, 201515 Serious Serious Moderate No Information No Information No Information Moderate 

Saccone, 
201619 

Serious Low  Low  Low  Low  Low  Moderate 

                                            

xxix A detailed description of the methodology used for assessing risk of bias is available on the NESR website: https://nesr.usda.gov/2020-dietary-
guidelines-advisory-committee-systematic-reviews and in Part C of the following reference: Dietary Guidelines Advisory Committee. 2020. Scientific Report 
of the 2020 Dietary Guidelines Advisory Committee: Advisory Report to the Secretary of Agriculture and the Secretary of Health and Human Services. U.S. 
Department of Agriculture, Agricultural Research Service, Washington, DC. 
xxx Possible ratings of low, some concerns, or high determined using the "Cochrane Risk-of-bias 2.0" (RoB 2.0) (August 2016 version)” (Higgins JPT, 
Sterne JAC, Savović J, Page MJ, Hróbjartsson A, Boutron I, Reeves B, Eldridge S. A revised tool for assessing risk of bias in randomized trials In: 
Chandler J, McKenzie J, Boutron I, Welch V (editors). Cochrane Methods. Cochrane Database of Systematic Reviews 2016, Issue 10 (Suppl 1). 
dx.doi.org/10.1002/14651858.CD201601.) 
xxxi Possible ratings of low, moderate, serious, critical, or no information determined using the “Risk of Bias in Non-randomized Studies of Interventions 
(ROBINS-I) tool” (Sterne JAC, Hernán MA, Reeves BC, Savović J, Berkman ND, Viswanathan M, Henry D, Altman DG, Ansari MT, Boutron I, Carpenter 
JR, Chan AW, Churchill R, Deeks JJ, Hróbjartsson A, Kirkham J, Jüni P, Loke YK, Pigott TD, Ramsay CR, Regidor D, Rothstein HR, Sandhu L, 
Santaguida PL, Schünemann HJ, Shea B, Shrier I, Tugwell P, Turner L, Valentine JC, Waddington H, Waters E, Wells GA, Whiting PF, Higgins JPT. 
ROBINS-I: a tool for assessing risk of bias in non-randomized studies of interventions. BMJ 2016; 355; i4919; doi: 10.1136/bmj.i4919.) 

 

Randomization Deviations from 
intended interventions 

Missing outcome 
data 

Outcome 
measurement 

Selection of the 
reported result 

Manizheh, 200916 Some concerns Low  Low  Low  Some concerns 

Sayyah-Melli, 201617 Low  Low  Some concerns Low  Some concerns 

Shahraki, 201618 Low  Low  Low  Low  Some concerns 

https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
https://www.riskofbias.info/welcome/rob-2-0-tool
https://www.riskofbias.info/welcome/home/current-version-of-robins-i
https://www.riskofbias.info/welcome/home/current-version-of-robins-i
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Table 15. Risk of bias for observational studies examining folic acid from dietary supplements and/or fortified foods 
during pregnancy and risk of hypertensive disorders of pregnancyxxxii 

 

Confounding Selection of 
participants 

Classification 
of exposures 

Deviations from 
intended exposures 

Missing data Outcome 
measurement 

Selection of the 
reported result 

Catov, 200920 Moderate Low  Moderate Moderate Low  Low  Moderate 

Vanderlelie, 
201621 

Serious Low  Moderate Moderate Low  Low  Moderate 

Wen, 201622 Moderate Moderate Moderate Moderate Low  Low  Moderate 

                                            

xxxii Possible ratings of low, moderate, serious, critical, or no information determined using the "Risk of Bias for Nutrition Observational Studies" tool (RoB-
NObs) (Dietary Guidelines Advisory Committee. 2020. Scientific Report of the 2020 Dietary Guidelines Advisory Committee: Advisory Report to the 
Secretary of Agriculture and the Secretary of Health and Human Services. U.S. Department of Agriculture, Agricultural Research Service, Washington, 
DC.) 
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Systematic review question—Human milk composition 

What is the relationship between folic acid from supplements and/or fortified foods 
consumed before and during pregnancy and lactation and human milk composition? 

Conclusion statements and grades 

Pregnancy 

No evidence is available to determine the relationship between folic acid from 
supplements or fortified foods consumed before and during pregnancy and human milk 
folate. (Grade: Grade not assignable) 

Lactation 

Moderate evidence indicates that folic acid supplements consumed during lactation 
does not influence folate levels in human milk. (Grade: Moderate) 

No evidence is available to determine the relationship between folic acid from fortified 
foods consumed during lactation and human milk folate. (Grade: Grade not 
assignable) 

Summary of the evidence 

Pregnancy 

 No studies related to folic acid intake from supplements during pregnancy which 
met the criteria for inclusion in this systematic review were identified through a 
literature search from 1980 to 2019. 

Lactation 

 Four studies were identified through a literature search from 1980 to 2019, which 
met the criteria for inclusion in this systematic review: 3 RCTs and 1 uncontrolled 
before-and-after study.11,12,14,23  

 Studies varied in intervention details, including folic acid supplement type (folic acid, 
5-MTHF, or pteroylmonoglutamate), dose (300 µg/d, 400 µg/d, or 1 mg/d), time of 
initiation (1 to 25 weeks postpartum), duration (4 weeks, 12 weeks, or 16 weeks), 
and sample characteristics.  

 As defined by the inclusion criteria, all studies took place in high or very high Human 
Development Index countries; therefore, the participants were likely to be folate 
replete.  

 None of the studies found an association between folic acid supplementation in 
women who were lactating and milk folate levels.  

 This body of evidence had important limitations:  
o In one of the 3 RCTs, the reference group was not recruited and randomized 

with the other 2 study groups. In another study, milk folate was significantly 
different between the control and intervention groups at baseline, and this 
was not controlled for in the analyses.  

o Only 1 study reported a power calculation and that study did not reach the 
target sample size.  

o The study populations did not fully represent the racial/ethnic or 
socioeconomic diversity of the U.S. population. 
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Description of the evidence 

This systematic review included articles that address the relationship between folic 
acid from supplements and/or fortified foodsii consumed before and during pregnancy 
and lactation and human milk composition (Figure 4). The search included articles 
from countries categorized as high or very high on the Human Development Indexiii 
and published between January 1980 and June 2019. Studies included generally 
healthy women up to 6 months before pregnancy, during pregnancy or lactation at the 
time of the intervention or exposure. Study designs that were included were: 
randomized controlled trials (RCTs), non-randomized controlled trials (NRCTs), 
prospective and retrospective cohort studies, nested case-control studies, uncontrolled 
before-and-after studies, and cross-sectional studies. Due to changes in human milk 
composition during the first weeks after delivery (e.g., colostrum, transitional milk), only 
studies assessing milk folate levels in mature milk (defined as milk produced ≥2 weeks 
after delivery) were included. 

Four studies were included in the body of evidence (see Figure 6).11,12,14,23 Basic 
characteristics of the studies are shown in Table 16. Three studies were RCTs11,12,23 
and 1 was an uncontrolled before-and-after design.14 Two studies were conducted in 
Canada,11,23 1 in the United States12 and 1 in Japan.14  

Participant characteristics 
There was some variation in participant characteristics. Two studies, one from Canada 
and one from the United States, included women with mean ages of 32 and 34 years, 
respectively.12,23 The majority of these women had college degrees and were of 
relatively high socioeconomic status. Another study from Canada was in adolescent 
girls with a mean age of 17 years,11 and predominantly of low socioeconomic status. 
One study in Japan did not provide additional information on participant 
characteristics.14 

Interventions/Exposures 
All 4 studies were experimental studies examining the relationship between folic acid 
supplementation during lactation on human milk folate levels. The dose, duration and 
timing of initiation of the intervention varied across the studies. Folic acid supplement 
dose varied from 300 µg/d11 to 1 mg/d.12,14 One study included a study arm with 400 
µg/d 5-MTHF in addition to an arm with 400 µg/d of folic acid.23 Supplementation 
lasted 4,14 12,11,12 or 16 weeks.23 Two studies began the intervention within a week 
from birth,11,23 1 study began 3 months postpartum,12 and 1 study began the 
intervention in women between 3 and 25 weeks postpartum.14   

No studies met the inclusion criteria related to folic acid intake from fortified foods on 
human milk folate. 

Evidence synthesis   

Four experimental studies examining the relationship between folic acid 
supplementation during lactation on human milk folate were included in this review. 
Three of these studies were placebo-controlled RCTs,11,12,23 2 of which were double-
blind.11,12 One study was an uncontrolled before-and-after design (see Table 16).14 
Despite differences in folic acid dose, type, time of initiation, duration, and populations 
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studied, no study found a significant effect of folic acid supplementation on milk folate 
levels (see Table 17).  

Within this body of evidence, 3 doses of folic acid were assessed: 300 µg/d,11 400 
µg/d,23 and 1 mg/d.12,14 At each dose, there was no significant difference in milk folate 
between supplemented women and women taking a placebo.  

Different forms of folic acid supplementation were tested. Houghton23 compared 
supplementation of 400 µg/d 5-MTHF to an equal dose of folic acid or a placebo and 
found no difference in milk folate levels after supplementation. Further, milk folate 
levels did not change after taking 1 mg/d of a synthetic folic acid supplement 
(pteroylmonoglutamate) for 4 weeks compared to milk folate levels before 
supplementation in the same sample.14  

Time of initiation and duration of supplementation also varied across studies. Two 
studies began supplementing lactating women within 1 week from delivery; the 
durations lasted 12 weeks11 and 16 weeks.23 Mackey12 initiated supplementation at 3 
months postpartum and the study had a 12-week duration. Timing of initiation in the 
uncontrolled before-and-after study ranged from 3 to 25 weeks postpartum and lasted 
4 weeks. Regardless of time of initiation or duration of supplementation, none of the 
folic acid interventions resulted in a significant difference in milk folate.  

While the outcome of interest was milk folate levels, one study also measured folate-
binding protein and unmetabolized folic acid in milk.23 After 16 weeks of 400 µg/d folic 
acid or 5-MTHF supplementation, there was no difference in these outcomes between 
the two intervention groups or compared to a placebo group.  

Finally, there were some differences in study populations. Two studies included 
women with a mean age of 32 and 34 years, respectively,12,23 while one study only 
enrolled adolescents with a mean age of 17 years.11 In two studies, participants were 
predominantly White women who were well-educated and of relatively high 
socioeconomic status.12,23 The adolescent population from the Keizer11 study was 
mostly of lower socioeconomic status. Keizer11 and Tamura14 did not report 
race/ethnicity but the Tamura study took place in a Japanese population.  

Each study had limitations to be considered (Table 16, Table 17, Table 18, and Table 
19). The only study that reported a power calculation had 21 percent attrition resulting 
in group sample sizes less than the target number determined by the power 
calculation.23 For the same study, the randomization and blinding methods were not 
clearly reported and the reference group was not recruited and randomized with the 
other two study groups. In the RCT by Mackey et al,12 while participant characteristics 
did not differ between groups, there was a difference in milk folate levels at baseline, 
such that the control group had significantly higher milk folate compared to the 
intervention group. This indicates that there was an issue with the randomization 
process and makes interpretation of results problematic. Keizer et al11 did not account 
for most of the key confounders and did not provide information on missing data. 
Tamura et al14 did not include a control group, reported very little information on 
participant characteristics and no information on statistical analyses conducted. 
Publication bias is always a concern; however, given that these studies were small in 
size and have null findings, publication bias is not a serious concern with this 
evidence.   
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Despite limitations and differences in intervention details, findings were consistent 
across studies. The studies were conducted only with lactating women, while no 
studies examined the effect of folic acid supplementation before or during pregnancy 
or the effect of folic acid from fortified foods on the outcome of interest. The analytic 
sample size in these 4 studies ranged from 1614 to 57,23 with group samples ranging 
from 14 to 23. Only one study conducted a power calculation (based on blood folate as 
the outcome) and that study did not reach the target sample size.23 The study 
populations do not fully represent the racial/ethnic or socioeconomic diversity of the 
U.S. population.  

Assessment of the evidencexxxiii 

The conclusion statement “evidence indicates that folic acid supplements consumed 
during lactation does not influence folate levels in human milk” was graded as 
moderate. As outlined and described below, the body of evidence examining 
consumption of folic acid supplements during lactation and folate levels in human milk 
was assessed for the following elements used when grading the strength of evidence: 

 Risk of Bias: For the RCTs, there were some concerns of risk of bias suggesting a 
moderate likelihood that the design and conduct of the studies prevented or 
minimized bias such that the reported results are the true effects of the intervention 
and plausible bias and/or potential limitations are unlikely to alter the results. These 
concerns were mostly from bias due to randomization12,23 and missing outcome 
data.23 For the uncontrolled before-and-after study,14 there was a limited likelihood 
that the design and conduct of the studies prevented or minimized bias such that 
the reported results may not be the true effects of the intervention/ exposure, and 
plausible bias and/or potential limitations may have altered the results. Risk of bias 
was primarily attributed to bias due to confounding, classification of interventions, 
and selection of the reported result.  

 Consistency: For RCTs and uncontrolled before-and-after studies, consistency was 
considered strong such that supplementation of folic acid during lactation did not 
result in significant differences in milk folate levels compared to a placebo-control 
group or compared to milk folate levels before the intervention. Non-significant 
findings were consistent across studies despite differences in intervention dose, 
duration, and time of initiation postpartum.  

 Directness: This systematic review question had multiple components (e.g., folic 
acid from supplements and/or fortified foods; and, before and during pregnancy and 
during lactation). The evidence focusing on folic acid supplementation during 
lactation directly aligned with the corresponding part of the systematic review 
question and was rated as strong.   

 Precision: Based on the distribution of means and variance (standard deviation and 
standard error), the RCTs were considered strong for precision. Precision could not 
be assessed for the uncontrolled before-and-after study because there was only 1 

                                            

xxxiii A detailed description of the methodology used for grading the strength of the evidence is available 
on the NESR website: https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-
reviews and in Part C of the following reference: Dietary Guidelines Advisory Committee. 2020. 
Scientific Report of the 2020 Dietary Guidelines Advisory Committee: Advisory Report to the Secretary 
of Agriculture and the Secretary of Health and Human Services. U.S. Department of Agriculture, 

Agricultural Research Service, Washington, DC. 

https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
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study.14   

 Generalizability: For RCTs and the uncontrolled before-and-after study, 
generalizability was considered limited. Most studies were in White women; half (2 
of the 4 studies) had a majority of women with college degrees and were of 
relatively high socioeconomic status.11,12 One study was in adolescents who were of 
low socio-economic status11; and one study was in Japanese women with no 
information on participant characteristics.14 
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Table 16. Description of studies examining the relationship between consumption of folic acid from dietary 
supplements and/or fortified foods during pregnancy and lactation and folate levels in human milkxxxiv,xxxv 

Study and Population Characteristics Intervention/Exposure and Outcome(s) 
Confounders Accounted for and Study 
Limitations 

Randomized Controlled Trials   

Houghton, 200923  
RCT; Canada 
 
Baseline N=72 
Analytic N=57 (Attrition: 21%) 
 
Baseline characteristics: 

 Maternal age: 32±4y 

 SES:  
o Education: Community college or university degree: 

93% 
o Annual Family Income: ≥$75,000/y: 76% 

 Smoking status: 0% 

 Parity: Placebo group: 0.5±0.6, FA: Mean 
group=0.7±0.9, 5-MTHF group: 0.6±0.8, P=NS 

 GA: 36wk 

 MTHFR status: 5-MTHF: CC: 41%, CT: 45%, TT: 
14%, FA: CC: 37%, CT: 46%, TT: 17%, Placebo: CC: 
43%, CT: 35%, TT: 22% 

 Prenatal folic acid supplement: Placebo group: 
948±207 µg/d, FA group: 935±229 µg/d,  5-MTHF 
group: 886±273 µg/d, P=NS 

 
Funding Sources: 
Merck Eprova AG (Schaffhausen, Switzerland); Natural 
Sciences & Engineering Research Council of Canada; 
Canadian Institute of Health Research Training Grant in 
Clinical Nutrition; Ontario Student Opportunity Trust 

Exposure:  
Maternal intake of folic acid from 
supplements, 1-16wk postpartum;  
3 groups:  

 Placebo (n=23) 

 400 µg/d folic acid (n=21) 

 400 µg/d 5-MTHF (n=22)  
 
Exposure assessment method: 
Folate content of supplements was verified 
analytically. Supplemental folate intakes were 
determined by assessing the difference 
between the number of capsules dispensed at 
randomization (<1wk postpartum) and at 
16wk postpartum. In addition, all participants 
received a daily multivitamin and mineral 
supplement (1 mg vit B6, 3 µg vit B12, and 4 
mg ferrous fumarate), and the participants 
agreed not to consume any other folate-
containing vitamin or mineral supplement 
during the course of the study. 
 
Outcome: 

 Total milk folate measured at 4, 8, and 16wk 
postpartum 

 Unmetabolized milk folic acid at 16wk 

 Soluble milk folate binding protein (FBP) 
concentrations at 16wk 

 

Confounders accounted for: 

 Maternal age: No baseline differences 

 SES: No baseline differences 

 Smoking Status: 100% Non-smokers 

 Parity: No baseline differences 
 
 
Not accounted for:  

 Key confounders: Race/ethnicity, 
Anthropometry  

 Other factors to be considered: Gestational age 
 
 
Limitations:  

 Unclear randomization and blinding methods; 
reference group recruited separately, not part 
of randomization 

 Some missing data with potential differences 
between groups, resulting in group sample 
sizes smaller than estimate from power 
calculation 

 

                                            

xxxiv Values indicate mean± standard deviation unless otherwise stated 
xxxv d: day; FA: folic acid; GA: gestational age; mo: month(s); MTHF: methyltetrahydrofolate; NR: not reported; NS: non-significant; RCT: randomized 
controlled trial; SES: socioeconomic status; SEM: standard error of the mean; USDA: United States Department of Agriculture; wk: week(s); y: year(s) 
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Study and Population Characteristics Intervention/Exposure and Outcome(s) 
Confounders Accounted for and Study 
Limitations 

Fund, The Hospital for Sick Children Foundation 
Scholarship Program 
 
 

Outcome assessment method: 
Complete breast expression (manually or by 
electric breast pump) at 1300-1450. 
Measured by microbiological assay using L. 
rhamnoses. 

Keizer, 199511 
RCT; Canada 
 
Baseline N=29 
Analytic N=29 (Attrition: 0%) 
Note: a third study group in formula-feeding mothers 
was not included in this table (not relevant to SR 
question) 
 
Baseline Characteristics: 

 Maternal age: 17.0y, SEM=0.17 (range 14.0-19.0y)  

 Race/Ethnicity:  
o White: 92% 
o Native Canadian/White: 4% 
o Black: 3% 
o Asian/White: 1%  

 SES:  
o Predominantly low SES 
o Main source of income: Government: 56%, Parent or 

guardian: 39%, Employment: 5% 

 GA: 36wk; Infant born <37 wk gestation: 0% 

 Substance use: “Negligible” 

 Folate deficiency: 59% consumed <67% of 
recommended nutrient intake 

 
Funding Sources: 
Natural Sciences and Engineering Research Council of 
Canada 

Exposure: 
Maternal intake of folic acid supplements from 
1 - 12 wk postpartum;  
2 groups:  

 Control: placebo (cornmeal-sucrose; n=15)  

 Intervention: 300 µg/d folic acid (n=14) 
 
Exposure assessment method: 
Double-blind design: supplements and 
placebo were visually indistinguishable; 
research assistants and participants were 
unaware of the contents of the capsules; 
Participants were instructed to avoid the 
consumption of additional vitamin and mineral 
supplements during the postpartum period. 
Adherence was calculated by determining the 
difference in the number of capsules provided 
at the beginning and those remaining at the 
end of each 4-wk period. 
 
Outcome: 
Milk folate at 4, 8, and 12wk postpartum 
 
Outcome assessment method: 
All milk from a single breast was expressed 
manually or by electric breast pump; collected 
between 1300 and 1450. Total milk folate 
concentrations were measured 
microbiologically by using L. casei. 
 

Confounders accounted for: 

 Maternal age: 100% adolescents (14-19y) 
 
 
Not accounted for: 

 Key confounders: Race/ethnicity, SES, 
Anthropometry, Smoking, Parity 

 Other factors to be considered: Gestational age 
 
 
Limitations: 

 No information on missing data for continuous 
outcomes or multiple analyses  

 No accounting for most key confounders 

 Power analysis NR  
 

Mackey, 199912 
RCT; United States 
 

Exposure: 
Maternal intake of folic acid from supplements 
from 3mo to 6mo postpartum;  

Confounders accounted for: 

 Maternal age: NS between groups 

 Race/ethnicity: 100% White 
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Study and Population Characteristics Intervention/Exposure and Outcome(s) 
Confounders Accounted for and Study 
Limitations 

Baseline N=42  
Analytic N=42 (Attrition: 0%) 
 
Baseline Characteristics: 

 Maternal age: 34y (range 26-42y)  

 Race/Ethnicity: White: 100% 

 SES:  
o 72±1.6 (scores in 60s to 70s are associated with 

professional, technical, and managerial workers) 
o Maternal education: 16±0.5y 

 BMI at 3mo postpartum (baseline): 25±1 

 Parity: 2 

 Prenatal supplement: 0.9 mg/d 

 GA: infants born full-term (37-40wk) 
 
Funding Sources: 
USDA 

 
 

2 groups:  

 Control: 0 mg/d folic acid (n=21) 

 Intervention: 1 mg/d folic acid (n=21)  
 
Exposure assessment method: 
Double-blind design: All participants received 
either 1 mg folic acid/d (intervention) or a 
placebo tablet (0 mg folic acid/d, control) and  
the same multivitamin and mineral 
supplement (2500 IU vit A, 60 mg vit C, 400 
IU vit D, 30 IU vit E, 1.5 mg thiamine, 1.7 mg 
riboflavin, 20 mg niacinamide, 2 mg vit B6, 6 
µg vit B12, 300 µg biotin, 10 mg pantothenic 
acid, 9 mg Fe, 150 µg I, 3 mg Zn, 2.5 mg Mn, 
25 µg Cr, 25 µg Mo). Adherence defined as 
successfully taking >80% of monthly 
allotments of folic acid supplementation. 
 
Outcome: 
Milk folate from samples collected at 3mo 
(baseline) and 6mo postpartum 
 
Outcome assessment method: 
Each milk sample (15-30 mL) collected via 
complete breast expression by manual or 
mechanical pump. Time of expression NR. 
Samples were handled under gold light to 
prevent photooxidization. Milk folate content 
was measured in a microbiological assay with 
L. casei. 
 

 SES: NS between groups 

 Anthropometry: NS between groups 

 Smoking Status: 100% nonsmoking 

 Parity: NS between groups 

 GA: 100% infants born full term (37-40 weeks) 
 
Limitations: 

 Milk folate concentrations differed by group at 
baseline  

 Power analysis NR  

 Baseline N not clear 

 Human milk collection details NR: time of day 
 

Uncontrolled Before-and-After Study   

Tamura, 198014 
Uncontrolled Before-and-After; Japan 
 
Baseline N=16  
Analytic N=16 (Attrition: 0%) 
 

Exposure: 
Maternal intake of folic acid from 
supplements; 
1 group: 1mg/d synthetic (PteGlu) for 4wk, 
starting 3-25wk postpartum in lactating 
mothers 

Confounders accounted for: 

 SES: all from same SES group 
 
Not accounted for: 

 Key confounders: Maternal age, Race/ethnicity, 
Anthropometry, Smoking, Parity 
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Study and Population Characteristics Intervention/Exposure and Outcome(s) 
Confounders Accounted for and Study 
Limitations 

Baseline Characteristics: 

 Child age: range 3-25wk 

 SES: All participants belonged to the same 
socioeconomic group 

 
Funding Sources: 
United States-Japan Medical Cooperation Program 

 Baseline (n=16) 

 Follow-up (n=16): after 4wk intervention 
period 

 
Exposure assessment method: 
NR 
 
Outcome: 
Milk folate in samples collected at baseline (3-
25wk postpartum) and after intervention, 4wk 
later 
 
Outcome assessment method:  
Milk samples collected just before babies 
were fed in the early afternoon (~2:00-
3:00pm); ~10ml manually expressed into test 
tubes. Folate levels were determined by 
microbiological assay using L. casei.  

 Other factors to be considered: Gestational age 
 
Limitations: 

 No control group 

 Power analysis NR  

 No report of statistical analysis 
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Table 17. Results from studies that examined the relationship between folic acid intake from dietary supplements 
and/or fortified foods during pregnancy and lactation and folate levels in human milkxxxvi, xxxvii 

Article Intervention/Exposure Outcome and Results 

Randomized Controlled Trials   

Houghton, 200923 
RCT; Canada 
 
Summary:  
Consuming folic acid supplements as 
either folic acid or 5-MTHF compared to 
a placebo from 1 to 16 weeks 
postpartum did not affect total milk 
folates (at 4, 8, and 16 weeks 
postpartum), unmetabolized milk folic 
acid (at 16 weeks postpartum), or milk 
folate binding protein concentrations (at 
16 weeks postpartum). 
 
Limitations: 

 Unclear randomization and blinding 
methods; reference group recruited 
separately, not part of randomization 

 Some missing data with potential 
differences between groups, resulting 
in group sample sizes smaller than 
estimate from power calculation 

Maternal intake of folic acid from 
supplements, 1 - 16wk postpartum;  
3 groups:  

 Placebo (n=23) 

 FA: 400 µg/d folic acid (n=21) 

 5-MTHF: 400 µg/d 5-MTHF (n=22) 
 

Milk folate (Mean±SD): repeated-measures ANOVA, P>0.05 

 Placebo: 4wk: 193±62 nmol/L, 8wk: 207±76 nmol/L, 16wk: 183±57 
nmol/L 

 FA: 4wk: 155±55 nmol/L, 8wk: 176±80 nmol/L, 16wk: 159±79 
nmol/L 

 5-MTHF: 4wk: 189±52 nmol/L, 8wk: 175±43 nmol/L, 16wk: 182±102 
nmol/L 

 
Folate-binding protein (Mean±SD) at 16wk: one-factor ANOVA, 
P>0.05 

 Placebo: 40.9±13.4 nmol/L 

 FA: 43.0±14.3 nmol/L 

 5-MTHF: 41.5±16.3 nmol/L 
 
Unmetabolized milk folic acid at 16wk:  

 Pooled mean±SD =14.4±9.7 nmol/L, P>0.05 

Keizer, 199511 
RCT; Canada 
 
Summary:   
Consuming folic acid supplements (300 
µg/d) compared to a placebo from 1 
week to 12 weeks postpartum did not 

Maternal intake of folic acid from 
supplements, from 1wk to 12wk postpartum;  
2 groups:  

 Control: placebo (n=15)  

 Intervention: 300 µg/d folic acid (n=14) 

Milk folate (nmol/L, N=29): Split-plot analysis, No differences 
between groups or across time 

 4wk: Mean=114.9, SEM=16.5, Median=104.0, IQR=64.1, 146.0  

 8wk: Mean=124.6, SEM=20.4, Median=116.7, IQR=65.9, 156.3 

 12wk: Mean=83.8, SEM=29.2, Median=129.6, IQR=75.4, 159.1 

                                            

xxxvi ANOVA: analysis of variance; d: day; IQR: interquartile range; mo: month(s); MTHF: methyltetrahydrofolate; NR: not reported; NS: non-significant; 
RCT: randomized controlled trial; SD: standard deviation; SEM: standard error of the mean; wk: week(s) 
xxxvii Statistically significant findings bolded 
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Article Intervention/Exposure Outcome and Results 

influence milk folate concentration at 4, 
8, or 12 weeks postpartum. 
 
Limitations: 

 No information on missing data for 
continuous outcomes or multiple 
analyses  

 No accounting for most key 
confounders 

 Power analysis NR  

Mackey, 199912 
RCT; United States 
 
Summary:  
Consuming folic acid supplements (1 
mg/d) compared to a placebo from 3 
months to 6 months postpartum did not 
result in a difference in milk folate 
content at 6 months postpartum. Note: 
milk folate levels differed by group at 
baseline. 
 
Limitations: 

 Milk folate concentrations differed by 
group at baseline  

 Power analysis NR  

 Baseline N not clear 

 Human milk collection details NR: time 
of day 

Maternal intake of folic acid from 
supplements from 3mo (baseline) to 6mo 
postpartum; 
2 groups:  

 Control (0 mg/d folic acid; n=21)  

 Intervention (1 mg/d folic acid; n=21)  

Milk folate (nmol/L):  
Time difference (within group), one-way ANOVA 
Control group (0mg): 3mo > 6mo: P<0.02 

 3mo (baseline): Mean=224.4 nmol/L, SEM=11.6 

 6mo: Mean=187.0 nmol/L, SEM=11.9  
 
Intervention group (1mg): 3mo vs 6mo: P>0.05 

 3mo (baseline): Mean=186.2 nmol/L, SEM=9.6  

 6mo: Mean=181.9 nmol/L, SEM=10.6  
 
Between group, repeated-measures ANOVA and ANCOVA 

 At 3mo (baseline): Control > Intervention, P<0.05 

 At 6mo: P>0.05 
 
Time*Group difference: NR 
 
 

Uncontrolled Before-and-After Studies 

Tamura, 198014 
Uncontrolled Before-and-After; Japan 
 
Summary:  
Consuming folic acid supplements 
(1mg/d) for 4 weeks in the postpartum 
period was associated with increased 
plasma and red blood cell folate levels, 

Maternal intake of folic acid from 
supplements; 
1 group: 1mg/d synthetic (PteGlu) for 4wk, 
starting 3-25wk postpartum in lactating 
mothers 

 Baseline (n=16) 

 Follow-up (n=15): after 4wk intervention 
period 

Milk folate (mean): statistical analyses NR, P>0.6 

 Baseline (n=16): 130.2±45.9 ng/ml 

 Follow-up (n=15): 136.6±41.2 ng/ml 
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Article Intervention/Exposure Outcome and Results 

but not milk folate levels in lactating 
mothers. 
 
Limitations: 

 No control group 

 Power analysis NR  

 No report of statistical analysis  
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Table 18. Risk of bias for randomized controlled trials examining folic acid from dietary supplements and/or fortified 
foods during pregnancy and lactation and human milk compositionxxxviii, xxxix 

 

 

 

 

 

 

 

Table 19. Risk of bias assessment for non-randomized studies of interventions examining folic acid from dietary 
supplements and/or fortified foods during pregnancy and lactation and human milk compositionxl 

  

 Confounding Selection of 
participants 

Classification 
of exposures 

Deviations from 
intended 

exposures 

Missing data Outcome 
measurement 

Selection of 
the reported 

result 

Tamura, 
198014 

Serious Low Moderate Low Low Low Moderate 

 

                                            

xxxviii A detailed description of the methodology used for assessing risk of bias is available on the NESR website: https://nesr.usda.gov/2020-dietary-
guidelines-advisory-committee-systematic-reviews and in Part C of the following reference: Dietary Guidelines Advisory Committee. 2020. Scientific Report 
of the 2020 Dietary Guidelines Advisory Committee: Advisory Report to the Secretary of Agriculture and the Secretary of Health and Human Services. U.S. 
Department of Agriculture, Agricultural Research Service, Washington, DC. 
xxxix Possible ratings of low, some concerns, or high determined using the "Cochrane Risk-of-bias 2.0" (RoB 2.0) (August 2016 version)” (Higgins JPT, 
Sterne JAC, Savović J, Page MJ, Hróbjartsson A, Boutron I, Reeves B, Eldridge S. A revised tool for assessing risk of bias in randomized trials In: 
Chandler J, McKenzie J, Boutron I, Welch V (editors). Cochrane Methods. Cochrane Database of Systematic Reviews 2016, Issue 10 (Suppl 1). 
dx.doi.org/10.1002/14651858.CD201601.) 
xl Possible ratings of low, moderate, serious, critical, or no information determined using the “Risk of Bias in Non-randomized Studies of Interventions 
(ROBINS-I) tool” (Sterne JAC, Hernán MA, Reeves BC, Savović J, Berkman ND, Viswanathan M, Henry D, Altman DG, Ansari MT, Boutron I, Carpenter 
JR, Chan AW, Churchill R, Deeks JJ, Hróbjartsson A, Kirkham J, Jüni P, Loke YK, Pigott TD, Ramsay CR, Regidor D, Rothstein HR, Sandhu L, 
Santaguida PL, Schünemann HJ, Shea B, Shrier I, Tugwell P, Turner L, Valentine JC, Waddington H, Waters E, Wells GA, Whiting PF, Higgins JPT. 
ROBINS-I: a tool for assessing risk of bias in non-randomized studies of interventions. BMJ 2016; 355; i4919; doi: 10.1136/bmj.i4919.)  

  

Randomization Deviations from 
intended 

interventions 

Missing 
outcome data 

Outcome 
measurement 

Selection of the 
reported result 

Houghton, 
200923 

Some Concerns Low High Low Low 

Mackey, 199912 High Low Low Low Low 

Keizer, 199511 Low Low Low Low Low 

https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
https://www.riskofbias.info/welcome/rob-2-0-tool
https://www.riskofbias.info/welcome/home/current-version-of-robins-i
https://www.riskofbias.info/welcome/home/current-version-of-robins-i
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Systematic review question—Developmental milestones, including 
neurocognitive development, in the child 

What is the relationship between folic acid from supplements and/or fortified foods 
consumed before and during pregnancy and lactation and developmental milestones, 
including neurocognitive development, in the child? 

Conclusion statements and grades 

Pregnancy 

Insufficient evidence is available to determine the relationship between folic acid 
supplementation before and/or during pregnancy and cognitive, language, and social-
emotional development, and risk of autism spectrum disorder in the child. (Grade: 
Grade not assignable) 

No evidence is available to determine the relationship between folic acid from 
supplements consumed before and during pregnancy and movement and physical 
development, academic performance, anxiety, depression, or the risk of attention-
deficit disorder or attention-deficit/hyperactivity disorder in the child. (Grade: Grade not 
assignable) 

No evidence is available to determine the relationship between folic acid from fortified 
foods consumed before and during pregnancy and developmental milestones, 
including neurobehavioral development, in the child. (Grade: Grade not assignable) 

Lactation 

No evidence is available to determine the relationship between folic acid from 
supplements or fortified foods consumed during lactation and developmental 
milestones, including neurobehavioral development, in the child. (Grade: Grade not 
assignable) 

Summary of the evidence 

Pregnancy 

 Six articles that met the criteria for inclusion in this systematic review was identified 
through a literature search from 1980 to 2019.24-29 The articles report findings from 4 
studies representing 4 outcome domains:  

o Cognitive development: 1 RCT; 2 articles. 
o Language and communication development: 1 PCS; 2 articles. 
o Social-emotional development: 1 RCT; 1 article. 
o ASD: 1 nested case-control study; 1 article. 

 Generally, folic acid supplementation before or during pregnancy was either not 
associated with or had a beneficial association with the included outcomes. 

 For cognitive development, findings were inconsistent; therefore a conclusion 
statement could not be drawn. 

 For social-emotional development, only 1 study was available and it had some 
limitations; therefore, a conclusion could not be drawn.  

 For language development, 2 articles were included from the Norwegian Mother and 
Child (MoBa) cohort. These articles reported a lower risk of severe language delay 
in children age 3 years whose mothers had taken folic acid supplements during 
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early pregnancy compared to children whose mothers either did not take folic acid 
during pregnancy or took folic acid supplements later in pregnancy.  

 For ASD, 1 nested case-control found a significant association between folic acid 
supplementation before pregnancy and during pregnancy and lower risk of ASD in 
children ages 8 to 12 years, compared to no folic acid supplementation. This was 
true for a number of subgroups within the sample, including children without 
siblings, males, females, children with low socioeconomic status, children with both 
parents with psychiatric diagnosis, and children without intellectual disabilities.  

 No evidence was found on whether folic acid supplementation before and/or during 
pregnancy was associated with other included outcomes: movement and physical 
development, academic performance, ADD or ADHD, anxiety, or depression. 

 No evidence was found on folic acid from supplements or fortified foods consumed 
before and during pregnancy and lactation and developmental milestones, including 
neurocognitive development. 

Lactation 

 The search identified 0 studies published between 1980 and 2019 that met the 
inclusion criteria. 

Description of the evidence 

This systematic review included articles that address the relationship between folic 
acid from supplements and/or fortified foodsii consumed before and during pregnancy 
and developmental milestones, including neurocognitive development, in the child. The 
search included articles from countries categorized as high or very high on the Human 
Development Indexiii and published between January 1980 and July 2019. Studies 
included generally healthy women up to 6 months before pregnancy and during 
pregnancy at the time of the intervention or exposure. Study designs that were 
included were: randomized controlled trials (RCTs), non-randomized controlled trials 
(NRCTs), prospective and retrospective cohort studies, and nested case-control 
studies. 

The outcomes for this systematic review include developmental domains of the child 
(including cognitive, language/communication, movement/physical, and social-
emotional domains), academic performance, attention deficit disorder (ADD) or 
attention deficit/hyperactivity disorder (ADHD), anxiety, depression, and autism 
spectrum disorder (ASD). Outcome measures were included for children from birth to 
age 18 years. 

This body of evidence included 6 articles from 4 studies (Table 20; Figure 8). There 
were 3 articles from 2 RCTs: 1 article from the Folic Acid Supplementation in the 
Second and Third Trimester (FASSTT) study26 and 2 articles from the Nutraceuticals 
for a Healthy Life (NUHEAL) study.24,25 There were 2 articles from the Norwegian 
Mother and Child Cohort (MoBa) prospective cohort study27,28 and 1 article from a 
nested-case control study.29 The FASSTT study was conducted in the United 
Kingdom,26 the NUHEAL study was conducted in Germany, Hungary, and Spain,24,25 
the MoBa study was conducted in Norway,27,28 and the nested case-control study was 
conducted in Israel.29 

Participant characteristics 
The studies all took place in Europe (the United Kingdom, Germany, Hungary, Spain, 
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and Norway) and Israel (none of which have mandatory fortification of folic acid) and 
most of the participants being in their late 20s or early 30s. Race/ethnicity data were 
only reported in 1 article (100 percent White).26 In terms of socioeconomic status, 77 
percent of participants in the FASSTT RCT were homeowners,26 while 60 percent of 
participants from the nested case-control study were considered “low socioeconomic 
status” with no further description.29 Most women across the studies were educated for 
at least 12 years and/or qualified for a university. Only the RCTs reported type of infant 
feeding28; of these, ~47 percent of infants were human milk fed as opposed to formula- 
or mixed fed. 

Intervention/Exposure 
The exposures varied across the studies. In the FASSTT RCT, women were provided 
with a placebo or folic acid supplement (400 µg) every day from 14 weeks gestation 
through delivery.26 Women were only included in this study if they consumed folic acid 
supplements during their first trimester. Women in the NUHEAL RCT were only 
included if they did not take folic acid supplements prior to the start of the study at 20 
weeks gestation.24,25 Another difference between the RCTs was the form of folate 
supplementation. The NUHEAL study tested the effect of supplementation of 5-MTHF 
rather than folic acid.24,25 Using a double-blind, 2x2 factorial design, NUHEAL was 
designed to test the effects of long chain polyunsaturated fatty acids and folate 
supplementation on developmental outcomes. Women were randomized into 1 of 4 
groups: placebo, 5-MTHF (400 µg/d), Fish oil (500 mg/d DHA, 150 mg/d EPA), and 5-
MTHF+Fish oil (400 µg/d 5-MTHF, 500 mg/d DHA, 150 mg/d EPA). 

Within the observational studies, the exposure was folic acid supplementation before 
and/or during pregnancy. The MoBa cohort provided data on women who took folic 
acid supplements in early pregnancy (4 weeks before pregnancy to 8 gestational 
weeks), in later pregnancy (9 to 29 weeks gestation), and women who did not take 
folic acid supplements before or during pregnancy.27,28 Levine et al29 had data from 
women’s folic acid supplementation before pregnancy (271 to 540 days before 
delivery; in other words, 0 to 9 months before conception) and anytime during 
pregnancy. Exposure data were also combined to look at folic acid supplementation 
before and during pregnancy. The comparator group included children whose mothers 
did not take folic acid supplementation either before or during pregnancy.  

Outcome  
The studies differed in terms of outcome, specifically child age at outcome assessment 
and the outcome domain related to developmental milestones and neurocognitive 
development. The FASSTT RCT measured social-emotional/behavioral traits when 
children were 7 years old using parent-reported questionnaires (Resilience (RASP), 
Strengths and Difficulties questionnaire (SDQ), and Emotional intelligence (TEIQue-
CSF)).26 The studies from the NUHEAL trial reported outcomes of cognitive function 
when children were 6.5 years old (intelligence24) and 8.5 years old (attention and 
executive function25). Both papers from the MoBa cohort report language competency 
at 3 years,27,28 and the outcome for the nested case-control study by Levine et al29 was 
autism spectrum disorder diagnosis with and without comorbid intellectual disability. 

Outcome assessment methods  

Henry et al26 evaluated child social-emotional development at age 7 years with 
maternal report on three validated scales: the Strengths and Difficulties Questionnaire 
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(SDQ), the Resiliency Attitudes and Skills Profile (RASP), and the Trait Emotional 
Intelligence Questionnaire Child Short Form (TEIQue-CSF). The SDQ is a widely-used 
tool to assess child problems, and is comprised of 5 scales: Conduct Problem, 
Hyperactivity, Emotional Symptoms, Peer Problems, and Prosocial Behavior. The 
RASP measures 7 dimensions of resilience, including creativity, humor, independence, 
initiative, insight, relationships and values orientation, and the TEIQue-CSF assesses 
emotional intelligence.  

The NUHEAL study assessed child intelligence at age 6.5 years with the Kaufman 
Assessment Battery for Children (K-ABC24) and attentional network development, 
including attention and executive functioning, at age 8.5 years with the Attention 
Network Test (ANT25). The K-ABC is a widely-used, standardized scale which includes 
the Mental Processing Composite, a measure similar to the intelligence quotient, and 
is comprised of the Simultaneous and Sequential Processing Scales. The 
Simultaneous Processing Scale examines problem-solving skills that require 
processing of many stimuli at once. The Sequential Processing Scale, which primarily 
measures short-term memory, consists of subtests that evaluate children’s ability to 
solve problems that require the arrangement of stimuli in sequential order. The 
Achievement Scale was not used in this study.  

The child version of the ANT has been used since 2004, has been validated relative to 
the adult version, and assesses alerting, orienting, and conflict resolution abilities. 
Briefly, on a computer screen, children viewed a target (a fish) flanked on each side by 
2 distractors above or below a central fixation cross. The target was preceded by 1 of 
4 warning cues: a single central asterisk; a double asterisk above and below the 
fixation point; no asterisk; or a single spatial asterisk located at the same position as 
the incoming target. Surrounding flankers were incongruent (the central target fish 
pointed to the side opposite to the flanker fish), congruent (all of the fish pointed to the 
same side), and neutral (single fish). For each trial, the child was instructed to indicate 
as quickly as possible whether the central target fish pointed to the left or to the right. 
Median response times for correct responses and percent errors were reported for 
each flanker and warning cue condition. Scores were computed by subtracting 
response times: congruent from incongruent trials (conflict score), double cue from no 
cue (alerting score), and spatial from central cue (orienting score). 

The MoBa study assessed parent-reported child language development and delay at 
age 3 years with a subset of questions from the MacArthur Communicative 
Development Inventory: U.K. Short Form grammar scale, which was validated in a 
subset of the MoBa cohort.27,28 In the assessment, each mother selected the category 
that best described the way her child talked: 1) long, complete sentences, 2) fairly 
complicated sentences, 3) 2-3 word phrases, 4) one-word utterances, 5) talking but 
unintelligible, 6) not yet talking. At age 3, categories 1 and 2 indicate no language 
delay, category 3 indicates moderate language delay, and categories 4-6 indicate 
severe language delay. Handal et al27 combined moderate and severe delay 
(categories 4-6) into a single category. 

Levine et al29 identified all children with ASD by linking health care registers from the 
Meuhedet health care organization that covers 35 percent of Israelis younger than 15 
years. After multiple evaluations, children were diagnosed with ASD by a board-
recognized developmental behavioral pediatrician. ASD was defined by the ICD-9 
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codes 299.0, 299.1, or 299.8. Intellectual disability was diagnosed similarly, with 
additional psychometric cognitive testing and ICD codes for broad psychiatric 
disorders and intellectual disability. 

Evidence synthesis 

Generally, across the body of evidence, the association between folic acid 
supplementation before or during pregnancy and neurobehavioral outcomes were 
either beneficial or not significant (Table 21 and Table 22). There were 4 outcome 
domains in this body of evidence: social-emotional development,26 cognitive 
development,24,25 language/communication development,27,28 and autism spectrum 
disorder,29 which are discussed in more detail below. Publication bias is a concern with 
this body of evidence given that there were few studies (particularly within each 
outcome domain) and all but 1 study reported a significant effect or association of folic 
acid supplementation. No conclusion statements were drawn for any of the 9 outcome 
domains listed in the Analytic Framework (Figure 5). There was insufficient evidence 
to draw conclusions related to cognitive development, social-emotional development, 
language development, and autism spectrum disorder, and no evidence available to 
draw conclusions for: movement/physical development, academic performance, 
attention deficit disorder (ADD) or attention-deficit/hyperactivity disorder (ADHD), 
anxiety, or depression. 
 

Cognitive development 

Summary 

Using a 2x2 factorial design, the NUHEAL trial examined the impact of folate (5-MTHF) 
and fish oil (EPA and DHA) supplementation from 20 weeks gestation through delivery 
on cognitive development of the offspring. Campoy et al24 tested the intervention on 
cognitive development, specifically intelligence, using the K-ABC test when children 
were 6.5 years old. There was no statistically significant effect of supplementation on 
children’s mental processing (composite score), sequential processing, or 
simultaneous processing. Catena et al25 tested children’s attention and executive 
functioning when they were 8.5 years old using the Attention Network Test.  
Supplementation of folate alone resulted in better conflict scores compared to no 
supplementation or a combination of fish oil and folate supplementation. There was a 
statistically significant effect of supplementation on alerting scores such that folate 
alone and fish oil alone resulted in better alerting scores than the combination of folate 
and fish oil. There was no statistically significant effect of folate alone compared to the 
placebo. Other results for correct responses and percent errors were not statistically 
significant (Table 21).  

Assessment of the evidence 

One study (2 articles) included data on cognitive development and the results were 
inconsistent, therefore a conclusion statement could not be drawn.24,25 
 

Social-emotional development 

Summary 

Henry et al26 was the only study to report outcomes in the social-emotional/behavioral 
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domain and looked specifically at resilience, strengths and difficulties, and emotional 
intelligence, and compared the effect of folic acid supplementation during the first 
trimester alone versus supplementation throughout pregnancy. Based on parental 
report, all traits within the resilience test (creativity, humor, independence, initiative, 
insight, relationships, values orientation, and total resilience score) showed a 
significant beneficial association between folic acid supplementation in pregnancy and 
child resiliency scores. Results from the strengths and difficulties questionnaire (SDQ) 
and the emotional intelligence questionnaire (TEIQue-CSF) were a mix of either 
beneficial associations or no association between folic acid supplementation and these 
traits. From the SDQ, folic acid supplementation was associated with fewer conduct 
problems, but there were no other statistically significant associations (emotional 
difficulties, hyperactivity, peer problems, prosocial behavior, and difficulties total). From 
the TEIQue-CSF, folic acid supplementation was associated with a higher total 
emotional intelligence score, along with higher scores for emotional expressiveness, 
empathy, emotional regulation, and stress management. There was no significant 
association between folic acid supplementation and other emotional intelligence traits 
(Table 21).   

Assessment of the evidence 

For social-emotional development, a single study met the inclusion criteria.26 This 
paper had an analytic sample of 39, with 79 percent attrition from baseline. Further, 
there were discrepancies in reported results. For example, the paper states that the 
Trait Emotional Intelligence Questionnaire Child Short Form measures 9 of 15 adult 
facets of emotional intelligence; however, the paper reported data on all 15 facets. For 
these reasons, evidence was not strong enough to draw a conclusion statement. 
 

Language development 

Summary 

Two articles reported results related to language competency in 3-year-old children 
enrolled in the MoBa cohort. While the population and the outcome assessment were 
the same in both papers, there was a slight difference in the analyses. Roth et al28 
compared language competency between children whose mothers did not take folic 
acid supplements during pregnancy and those whose mothers took folic acid from 4 
weeks before pregnancy to 8 weeks gestation. There was a statistically significant 
association between taking folic acid supplements in early pregnancy and fewer 
children with moderate or severe language delay. Handal et al27 used folic acid 
supplementation during early pregnancy as the reference and no folic acid or folic acid 
later in pregnancy as the comparators and found an association with improved 
language competence. Children whose mothers took folic acid supplements in early 
pregnancy, compared to children whose mothers took folic acid in later pregnancy or 
compared to children whose mothers did not take folic acid supplements at all, were 
more likely to speak in long, complicated sentences rather than exhibit language delay. 
The data presented by Handal et al27 include women who took folic acid along with 
other micronutrients (hence much larger sample sizes than in the analyses by Roth et 
al28; however, the authors report that the analysis of women who took only folic acid 
did not change the main results.  
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Assessment of the evidence 

Insufficient data existed to develop conclusion statements regarding language 
development.27,28 For the risk of bias assessment (Table 23), the papers varied in the 
key confounders that were accounted for, with Roth et al28 accounting for all but 2 
(race/ethnicity, gestational age) and Handal et al27 accounting for all but 3 (maternal 
age, race/ethnicity, human milk feeding practices). Further, exposure data were self-
reported with potential for recall bias, there was no information on dose, and neither 
article pre-registered data analysis plans. Generalizability was limited because data 
were from 1 study population, from Norway, that does not represent the diversity of the 
U.S. population. 
 

Autism spectrum disorder 

Summary 

Levine29 used a nested case-control design to compare associations between folic 
acid supplementation before and/or during pregnancy and the risk of an autism 
diagnosis in children between 8 and 12 years old. Folic acid supplementation before 
and during pregnancy was associated with a lower risk of autism compared to no folic 
acid supplementation. Likewise, folic acid before pregnancy only, folic acid during 
pregnancy only, and folic acid from 4 weeks before pregnancy to 8 weeks after 
pregnancy were each associated with reduced risk of autism compared to no folic acid 
supplementation. When folic acid supplementation before pregnancy was compared to 
folic acid supplementation during pregnancy there was not a significant association 
with risk of autism.  Several subgroup analyses found that, compared to no 
supplementation, folic acid supplementation before pregnancy and folic acid 
supplementation during pregnancy were associated with lower risk of autism. These 
subgroups included: singletons (no siblings), male offspring, female offspring, low 
socioeconomic status, when neither parent had a psychiatric diagnosis, and in children 
without intellectual disability. Folic acid supplementation during pregnancy (but not 
before pregnancy) was significantly associated with lower risk of autism when both 
parents had a psychiatric diagnosis and in children with intellectual disability.  

Assessment of the Evidence 

One study included data on autism spectrum disorder, and therefore evidence was not 
strong enough to draw a conclusion statement.29 The nested case-control study had 
serious risk of bias due to confounding, and did not account for race/ethnicity, 
anthropometry, smoking, gestational age, human milk feeding practices. Classification 
of the exposure was based on a data registry of supplements dispensed without a 
measure of actual intake or dosage, and there was risk of bias due to reported 
selection because no pre-registered analysis plans were reported (Table 23). 
Generalizability was limited because data are from 1 study population from Israel that 
does not represent the diversity of the U.S. population. Further, high prevalence of 
psychosis diagnosis in the mothers and fathers limited the generalizability of this 
evidence. 
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Table 20. Description of studies examining the relationship between consumption of folic acid from dietary 
supplements and/or fortified foods during pregnancy and lactation and developmental milestones, including 
neurocognitive development, in the childxli 

Study and Population Characteristics Intervention/Exposure and Outcome(s) 
Confounders Accounted for and Study 
Limitations 

Randomized Controlled Trials   

Campoy, 201124 
RCT (NUHEAL); Germany, Hungary, Spain  
 
Baseline N=315  
Analytic N=154 (Attrition: 51%) 
Power Analysis: Post hoc: 80% power to detect 6.85 
(0.7 SD) points of difference in Mental Processing 
Composite score with a=0.05 

 
Baseline characteristics: 

 Maternal age: Mean~31y  

 SES: Education: Attained qualification for univ 
entrance or degree: Mothers: 45%, Fathers: 39.0% 

 BMI at 20wk: Mean~25.2  

 Smokers: 16% 

 Parity: 0: n=84%, ≥1: n=10% 

 Child sex, female: 48% 

 HMF practices (intensity, duration): 
o Fed human milk: 47% 
o Mixed: 16% 
o Formula: 25% 

Exposure:  
Maternal intake of folic acid (5-MTHF) and fish oil 
(FO) supplements in milk-based sachets during 
20wk gestation to delivery; 4 groups:  

 Placebo (Ref, baseline n=80, analytic n=45) 

 5-MTHF (400 µg/d, baseline n=77, analytic n=35) 

 FO (500 mg/d DHA, 150 mg/d EPA, baseline n=77, 

analytic n=37) 

 FO+5-MTHF (500 mg/d DHA, 150 mg/d EPA, 400 

µg/d 5-MTHF, baseline n=77, analytic n=37) 

No FA supplementation since beginning of 
pregnancy; all sachets included vitamins and 
minerals meeting recommended intakes during the 
second half of pregnancy for European women.  
 
Exposure assessment method: 
Double-blind design; At 20 wk and 30 wk, women 
provided with 90 sachets, each with 15 g/d of a milk-
based supplement. Detailed instructions were given 
on the label of each sachet. Supplements were 
indistinguishable with respect to the appearance or 

Confounders accounted for: 

 Maternal age, SES, Anthropometry, 
Smoking Status, Parity, Child sex, GA, HMF 
practices (intensity, duration) 

 
Not accounted for:  

 Key confounders: Race/ethnicity 

 Other factors considered: Maternal 
substance use, History/diagnosis of 
neurocognitive disorders, Complementary 
feeding 

 
Limitations:  

 No preregistered protocol with analysis plan 

                                            

xli ANT: Attention Network Test; ASD: autism spectrum disorder; BMI: body mass index; d: day; DHA: docosahexaenoic acid; EPA: eicosapentaenoic acid; 
FA: folic acid; FASSTT: Folic Acid Supplementation in the Second and Third Trimester; FO: fish oil; GA: gestational age; GW: gestational week; HMF: 
human milk feeding; ICD: International Statistical Classification of Diseases and Related Health Problems; K-ABC: Kaufman Assessment Battery for 
Children; MoBa:  Mother and Child cohort; MTHF: methyltetrahydrofolate; MTHFR: methyltetrahydrofolate reductase; NCC: nested case-control; NICHD: 
National Institute of Child Health and Human Development; NIEHS: National Institute of Environmental Health Sciences; NIMH: National Institute of Mental 
Health; NINDS: National Institute of Neurological Disorders and Stroke; NTD: neural tube defect; NUHEAL: Nutraceuticals for a Healthy Life cohort; OR: 
odds ratio; PCS: prospective cohort study; RASP: Resiliency Attitudes and Skills Profile; RCT: randomized controlled trial; SD: standard deviation; SDQ: 
Strengths and Difficulties Questionnaire; SES: socioeconomic status; TEIQue-CSF: Trait Emotional Intelligence Questionnaire Child Short Form; wk: 
week(s); y: year(s) 
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Study and Population Characteristics Intervention/Exposure and Outcome(s) 
Confounders Accounted for and Study 
Limitations 

 Center: Spain: n=109 (70.8%), Germany: n=35 
(22.7%), Hungary: n=10 (6.5%) 

 Urban residence: n=63 (40.9%) 

 Apgar score (1 min): Mean~9, Apgar score (5 
min): Mean~10 

 GA at birth: Mean~39wk 
 

Funding Sources: 
Commission of the European Community–specific 
Research and Technological Development 
Programme 

contents. Participants instructed to return leftover 
sachets. Standardized questionnaires assessed 
adherence at 30wk and at delivery. 
 
Outcome: 

 Child intelligence, assessed with the K-ABC at 6.5y 
 
Outcome assessment method: 
Child intelligence assessed via the K-ABC at 6.5y. 
Findings summarized with the Mental Processing 
Composite, a measure similar to the intelligence 
quotient, and comprised of the Simultaneous 
Processing Scale and Sequential Processing Scale.  
Task Description: The Simultaneous Processing 
Scale examines problem-solving skills that require 
processing of many stimuli at once. The Sequential 
Processing Scale, which primarily measures short-
term memory, consists of subtests that evaluate 
children’s ability to solve problems that require the 
arrangement of stimuli in sequential order. The 
Achievement scale was not used in this study. 
Raw scores are transformed into standard scores 
with Mean=100 (SD=15) and percentile scores. 
 

Catena, 201625 
RCT (NUHEAL); Germany, Hungary, Spain  
 
Baseline N=315  
Analytic N=130 (Attrition: 58.7%) 
Power Analysis: Post-hoc: 80% power to detect 
36 ms difference in reaction-time conflict score 
 
Baseline characteristics: 

 Maternal age: ~31y 

 SES: Education: Attained qualification level for 
univ entrance or degree: Mothers: n=56 (43%), 
Fathers: n=51 (39%), Similar family status, 

Exposure:  
Maternal intake of folic acid (5-MTHF) and fish oil 
(FO) supplements in milk-based sachets during 
20wk gestation to delivery; 4 groups:  

 Placebo (Ref, baseline n=80, analytic n=32) 

 5-MTHF (400 µg/d, baseline n=77, analytic n=27) 

 FO (500 mg/d DHA, 150 mg/d EPA, baseline n=77, 
analytic n=37) 

 FO+5-MTHF (500 mg/d DHA, 150 mg/d EPA, 400 
µg/d 5-MTHF, baseline n=77, analytic n=34) 
No FA supplementation since beginning of 
pregnancy; all sachets included vitamins and 
minerals meeting recommended intakes during the 
second half of pregnancy for European women.  

Confounders accounted for: 

 Maternal age, SES, Anthropometry, 
Smoking Status, Parity, Child sex, GA, HMF 
practices (intensity, duration) 

 
Not accounted for:  

 Key confounders: Race/ethnicity 

 Other factors considered: Maternal 
substance use, History/diagnosis of 
neurocognitive disorders, Complementary 
feeding 

 
Limitations:  
No preregistered protocol with analysis plan 
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Study and Population Characteristics Intervention/Exposure and Outcome(s) 
Confounders Accounted for and Study 
Limitations 

including mother’s and father’s jobs, employment, 
career, cultural, and academic levels 

 Prepregnancy BMI: Mean~25 at 20GW 

 Smokers: n=16 (12%) 

 Parity: 0: n=62 (48%), ≥1: n=68 (52%) 

 Child sex: Female: n=63 (48%) 

 HMF practices (intensity, duration): 
o Fed human milk: n=53 (41%) 
o Mixed: n=26 (20%) 
o Formula: n=29 (22%) 

 MTHFR status: MTHFR C677T polymorphisms 
distributed similar between groups 

 Center: Spain: n=91 (70%), Germany: n=32 (25%), 
Hungary: n=7 (5%) 

 Urban residence: n=52 (40%) 

 Apgar score (1 min): Mean ~8.7, Apgar score (5 
min): Mean~9.7 

 GA at birth: Mean~39.4wk 
 
Funding Sources: 
Commission of the European Research and 
Technological Development Programme, Spanish 
Ministry of Economy and Competitiveness, 
European Research Council 

 
Exposure assessment method: 
Double-blind design; At 20wk and 30 wk, women 
provided with 90 sachets, each with 15 g/d of a 
milk-based supplement. Detailed instructions were 
given on the label of each sachet. Supplements 
were indistinguishable with respect to the 
appearance or contents. Participants instructed to 
return leftover sachets. Standardized questionnaires 
assessed adherence at 30wk and at delivery. 
 
Outcome: 

 Child attention network development, assessed with 
Alerting, Orienting, and Conflict scores and % 
errors from the ANT at 8.5y 
 
Outcome assessment method: 
At 8.5y, children of supplemented mothers 
completed the ANT, child version. 
Electroencephalography collected simultaneously.  
Median RTs for correct responses and % errors 
obtained for each flanker and warning cue 
condition. Scores computed by subtracting RTs: 
congruent from incongruent trials (conflict score), 
double cue from no cue (alerting score), and spatial 
from central cue (orienting score). 

Henry, 201826  
RCT (FASSTT); United Kingdom  
 
Baseline N=190  
Analytic N=39 (Attrition: 79%) 
Power Analysis: n=60 per group at 80% power 
with a=0.05 to detect a difference in homocysteine 
concentration in maternal plasma at 36 wk 
gestation and cord blood at delivery of 0.5 mmol/L 
between placebo and treatment groups. 
 
Baseline characteristics: 

Exposure:  
Maternal intake of 400 µg/d folic acid supplements 
during 14wk gestation to delivery; 2 groups:  

 Placebo (Ref; baseline n=94, analytic n=17) 

 400 µg/d FA (baseline n=96, analytic n=22) 
All women consumed 400 µg/d folic acid for the first 
trimester  
 
Exposure assessment method: 
Supplements were distributed every 4wk to the 
participant’s home in 7-d pillboxes with instructions 
to take one tablet each morning. The pillboxes were 

Confounders accounted for: 

 Maternal age, Race/ethnicity, SES, 
Anthropometry, Smoking Status, Child sex, 
HMF practices (intensity, duration) 

 
Not accounted for:  

 Key confounders: Parity,GA 

 Other factors considered: History/diagnosis 
of neurocognitive disorders, 
Complementary feeding 

 
Limitations:  
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Study and Population Characteristics Intervention/Exposure and Outcome(s) 
Confounders Accounted for and Study 
Limitations 

 Maternal age: Median~28y 

 Children: Mean=6.7y (range 6.3-7.3y) 

 Race/Ethnicity: Mothers: White: 100%  

 SES:  
o Education: ~16y 
o Homeowner: 77% 

 Prepregnancy BMI: ~25 

 Smoking status: ~13% 

 Parity: ~0.95 

 Child sex, female: ~64% 

 HMF practices (intensity, duration): Fed human 
milk from birth: ~46% 

 Substance use: Alcohol: ~5% 

 Family history/diagnosis of neurocognitive 
disorders: 0% NT sufferer or 1st degree relative of 
woman with a pregnancy with an NTD 

 MTHFR status: CC: ~41%; CT: ~44%; TT: ~14% 

 Maternal serum folate at birth (median; nmol/L): 
Placebo 72.15, 400 µg/d FA 119.49 

 
Funding Sources: 
The Health and Social Care Research & 
Development Division of the Public Health Agency, 
Northern Ireland 

collected, and the number of unused tablets was 
recorded to monitor adherence. 
 
Outcome: 

 Strengths and difficulties; Resiliency; Emotional 
Intelligence at 7y 
 
Outcome assessment method: 
Resiliency assessed via maternal report with the 
RASP; Strengths and difficulties assessed via 
maternal report with the SDQ; Emotional 
intelligence was assessed via maternal report with 
the TEIQue-CSF. 

 Some concerns about missing outcome 
data in this follow-up study 

 No preregistered protocol with analysis plan 

Cohort Studies   

Handal, 201627 
PCS (MoBa); Norway  
 
Baseline N=45266 mothers; 51747 children 
Analytic N=43322; 51375 children  (Attrition: 4%) 

 
Baseline characteristics: 

 Maternal age: <25y: ~9.0%, 25-29y: ~33.4%, 30-
34y: ~39.8%, ≥35y: ~17.8%  

 SES: 
o Mother Education: <12y ~16.8%, 12y ~14.4%, 13-

16y ~43.9%, ≥17y ~24.9% 

Exposure:  
Maternal intake of folic acid supplements; 3 groups: 

 No folic acid supplementation (analytic n=7330) 

 FA during early pregnancy (Ref, 4wk before 
conception through 8wk gestation, analytic 
n=37538) 

 FA later in pregnancy (9-29wk gestation only, 
analytic n=6507)  

 
Exposure assessment method: 
Completed questionnaires at 17/18wk and 30wk 
gestation, indicating intervals of folic acid 

Confounders accounted for: 

 SES, Anthropometry, Smoking Status, 
Parity, Child sex, GA 

 
Not accounted for:  

 Key confounders: Maternal age, 
Race/ethnicity, HMF practices (intensity, 
duration) 

 Other factors considered: Maternal 
substance use, Complementary feeding 

 
Limitations:  
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Study and Population Characteristics Intervention/Exposure and Outcome(s) 
Confounders Accounted for and Study 
Limitations 

o Father Education: <12y ~33.8%, 12y ~12.9%, 13-
16y ~29.2%, ≥17y ~24.2% 

o Mother marital status: Married or living with 
partner ~97.4%, Single ~1.7%, Other ~0.9% 

o Mother working status: Working ~92.4%, Not 
working ~5.6%, Disability pensioner ~0.7%, Other 
~1.3% 

 Prepregnancy BMI: early pregnancy: <25 ~69.6%, 
25-29 ~21.5%, 30-34 ~6.6%, ≥35 ~2.3% 

 Smokers: ~7.7% 

 Parity: 0 ~47.7%, 1 ~34.3%, ≥2 ~18.0% 

 Substance use:  
o Maternal alcohol intake during pregnancy: Yes 

(probably occasionally) ~46.6%, Weekly ~3.8% 
o Maternal illicit drug use during pregnancy: ~0.2% 

 Family history/diagnosis of neurocognitive 
disorders:  
o Maternal depression before pregnancy: ~5.2% 
o Maternal anxiety and depression during 

pregnancy: Short-term: ~6.1%, Long-term: ~2.1% 
o Maternal antipsychotic use: ~0.8%, Paternal 

antipsychotic use: ~0.2% 
 

Funding Sources: 
The Norwegian Institute of Public Health, the South-
Eastern Norway Regional Health Authority, the 
Norwegian Ministry of Health and the Ministry of 
Education and Research, NIEHS, NINDS, the 
Norwegian Research Council 

supplementation, including 4wk before conception, 
and at 0-4, 5-8, 9-12, 13-16, 17-20, 21-24, 25-28, 
and ≥29 wk gestation. 
 
Outcome: 

 Language competence at age 3y 
 
Outcome assessment method: 
Mothers selected the category that best described 
the way her child talked: 1) long, complete 
sentences, 2) fairly complicated sentences, 3) 2-3 
word phrases, 4) one-word utterances, 5) talking but 
unintelligible, 6) not yet talking. The 3 outcome 
categories thus were: long, complicated sentences 
(category 1), fairly complicated sentences (category 
2), and language delay (categories 3–6). Language 
delay category combines moderate and severe 
delay. 

 Exposure data are self-report; dose NR 

 No preregistered protocol with analysis plan 

 Power analysis NR 
 

Roth, 201128 
PCS (MoBa); Norway  
 
Baseline N=16814  
Analytic N=16179 (Attrition: 3%) 
Power Analysis: n=30000 at 90% power with 
a=0.05 to detect OR=0.5 in risk of severe language 
delay at 3y between children unexposed and 
exposed to maternal use of folic acid (4 groups) 

Exposure:  
Maternal intake of folic acid supplements during the 
periconceptional period (4wk before to 8wk after 
conception); 2 groups:  

 No supp (Ref, n=9460, analytic n=9032) 

 FA (n=7354, analytic n=7127)  
 
Exposure assessment method: 

Confounders accounted for: 

 Maternal age, SES, Anthropometry, 
Smoking Status, Parity, Child sex, HMF 
practices (intensity, duration) 

 
Not accounted for:  

 Key confounders: Race/ethnicity, GA 
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Study and Population Characteristics Intervention/Exposure and Outcome(s) 
Confounders Accounted for and Study 
Limitations 

 
Baseline characteristics: 

 Maternal age: <25y ~11.0%, 25-29y ~34.2%, 30-
34y ~38.5%, ≥35y ~16.4%  

 SES: 
o Maternal education: <12y ~21.4%, No supp: 

26.5%, FA: 16.2%, 12y ~13.9%, No supp: 15.7%, 
FA: 12.0%, 13-16y ~42.7%, No supp: 38.8%, FA: 
46.6%, ≥17y ~19.6%, No supp: 16.1%, FA: 
23.0%; 

o Maternal marital status: Married or living with 
partner 92.2%, Single 3.3%, Other 1.9%; 

o Paternal education: <12y ~37.8%, No supp: 
42.3%, FA: 33.3%, 12y ~10.7%, 13-16y ~25.1%, 
≥17y ~17.3%, Missing ~7.0% 

 Prepregnancy BMI: <25 ~63.8%, 25-29 ~23.2%, 
30-34 ~7.6%, ≥35 ~2.7% 

 Smoking status: Daily or sometimes: ~9.3% 
o No supp: 12.3%, FA: 6.2% 

 Parity: 0 ~43.1%, 1 ~37.1%, ≥2 ~19.9% 

 Child sex: Male: ~51.2%, Female: ~48.8% 

 HMF practices (intensity, duration): Type of milk at 
6mo:  
o Breast milk ~56.0% 
o Infant formula ~14.2% 
o Breast milk and infant formula ~19.4% 
o Missing ~10.5% 

 Substance use: Maternal alcohol intake: ~12.5%, 
Missing ~9.6% 

 
Funding Sources: 
The Norwegian Ministry of Health and the Ministry 
of Education and Research, NIEHS, NINDS, The 
Norwegian Research Council,  National Alliance for 
Research on Schizophrenia and Depression, The 
Norwegian Research Council, The American 
Women's Club of Oslo 

Completed questionnaires at 17wk gestation, 
indicating intervals of folic acid supplementation, 
including 4wk before conception, and at 0-4, 5-8wk 
gestation. Women recorded ingredient list for all 
vitamins, minerals, and other dietary supplements 
during each period. Responses divided into mutually 
exclusive categories of use within 4wk before to 8wk 
after conception: 1) no use of dietary supplements; 
and (2) folic acid only. 
 
Outcome: 

 Severe or moderate language delay at 3 y 
 
Outcome assessment method: 
Mothers selected the category that best described 
the way her child talked: 1) long, complete 
sentences, 2) fairly complicated sentences, 3) 2-3 
word phrases, 4) one-word utterances, 5) talking but 
unintelligible, 6) not yet talking. The 3 outcome 
categories thus were: No language delay (categories 
1 and 2), Moderate language delay (category 3), and 
Severe language delay (categories 4-5). Category 6 
assessed, but excluded (n=63) for chromosomal 
abnormalities or severe syndromes. 

A subsample (n=425) administered in-depth 
assessments within the MoBa cohort at 3y. Scores 
from the present study were strongly correlated with 
the Vineland communication domain, a 
semistructured interview administered by clinicians 
who were blind to the maternal reports. The 
communication domain evaluates the child's 
receptive and expressive communication skills. 

 Other factors considered: History/diagnosis 
of neurocognitive disorders, 
Complementary feeding 

 
Limitations:  

 Exposure data are self-report; dose NR 

 No preregistered protocol with analysis plan  
 

Nested Case-Control Study   
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Study and Population Characteristics Intervention/Exposure and Outcome(s) 
Confounders Accounted for and Study 
Limitations 

Levine, 201829 
NCC; Israel  
 
Baseline N=45300  
Analytic N=45300 (Attrition: 0%) 

 
Baseline characteristics: 

 Maternal age: ≥35y: Controls: n=8975 (20.1%), 
Cases: n=118 (20.6%)  

 SES:  
o Low: n=27,383 (60.4%), Controls: n=27,140 

(60.7%), Cases: n=243 (42.5%);  
o High: n=17,917 (39.6%), Controls: 17,588 

(39.3%), Cases: 329 (57.5%) 

 Parity:  
o 1: n=11,419 (25.2%), Controls: n=11,150 (24.9%), 

Cases: n=269 (47.0%) 
o >1 child: n=33,881 (74.8%), Controls: n=33,578 

(75.1%), Cases: n=303 (53.0%) 

 Child sex: Female: n= 22090 (48.8%), Controls: 
n=21988 (49.2%), Cases: n=102 (17.8%) 

 Family history/diagnosis of neurocognitive 
disorders: 
o Paternal psychiatric diagnosis: n= 15177 (33.5%), 

Controls: n=14,919 (33.4%), Cases: n=258 
(45.1%) 

o Maternal psychiatric diagnosis: n=15098 (33.3%), 
Controls: n=14,869 (33.2%), Cases: n=229 
(40.0%) 

 
Funding Sources: 
NICHD, NIEHS, NINDS, NIMH, Beatrice and 
Samuel A. Seaver Foundation, Fredrik and Ingrid 
Thuring Foundation, and The Swedish Society of 
Medicine 

Exposure:  
Maternal folic acid supplementation; 4 groups: 

 No FA supp (n=26,332) 

 FA supp before pregnancy only (271-540d before 
delivery, n=3085) 

 FA supp during pregnancy only (0-270d before 
delivery, n=11,741) 

 FA supp before and during pregnancy only (0-540d 
before delivery, n=4142)  

 
Exposure assessment method: 
Meuhedet Prescription Register used to identify 
prescription folic acid supplement dispensation from 
the majority of pharmacies nationwide during 
pregnancy. Using ATC codes, authors extracted drug 
names, prescription and dispensation dates, and 
number of pills dispensed, for redeemed folic acid 
supplements. Israeli food supply not fortified with folic 
acid, but folic acid supplementation is recommended 
before and during pregnancy. 
 
Outcome: 

 ASD diagnosis, with and without comorbid 
intellectual disability in children 8-12y 

 
Outcome assessment method: 
Identified all children with ASD and one-third of all 
live births Jan 1, 2003, to Dec 31, 2007, followed 
from birth to Jan 26, 2015. Cases identified by linking 
health care registers from the Meuhedet health care 
organization that covers 35% of Israelis <15y. After 
multiple evaluations, children diagnosed with ASD by 
a board-recognized developmental behavioral 
pediatrician. ASD defined by the ICD-9 codes 299.0, 
299.1, or 299.8. 
Intellectual disability diagnosed similarly, with 
additional psychometric cognitive testing and ICD 

Confounders accounted for: 

 Maternal age, SES, Parity, Child sex 
 
Not accounted for:  

 Key confounders: Race/ethnicity, 
Anthropometry, Smoking, GA, HMF 
practices (intensity, duration) 

 Other factors considered: Maternal 
substance use, Complementary feeding 

 
Limitations:  

 Exposure based on data on supplements 
dispensed, not on intake 

 Power analysis NR 

 No pre-registered analysis plan 
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Study and Population Characteristics Intervention/Exposure and Outcome(s) 
Confounders Accounted for and Study 
Limitations 

codes for broad psychiatric disorders and intellectual 
disability. 
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Table 21. Results from studies that examined the relationship between consumption of folic acid from dietary 
supplements and/or fortified foods during pregnancy and lactation and developmental milestones, including 
neurocognitive development, in the childxlii, xliii 

Article Intervention/Exposure Outcome and Results 

Randomized Controlled Trials   

Campoy, 201124 
RCT; Germany,Hungary,Spain  
 
Summary:  
Consuming 400 µg/d folic acid 
supplements with or without fish oil 
during the second half of pregnancy did 
not impact child intelligence as measured 
by the K-ABC at 6.5y. 
 
Limitations: 

 Key confounders NOT accounted for: 
Race/ethnicity  

 No preregistered protocol with analysis 
plan 

 

Maternal intake of folic acid (5-MTHF) and 
fish oil (FO) supplements in milk-based 
sachets from 20wk gestation to delivery; 4 
groups: 

 Placebo (Ref, baseline n=80, analytic 
n=45), 

 5-MTHF (400 µg/d, baseline n=77, 
analytic n=35), 

 FO (500 mg/d DHA, 150 mg/d EPA, 
baseline n=77, analytic n=37), 

 FO+5-MTHF (500 mg/d DHA, 150 mg/d 
EPA, 400 µg/d 5-MTHF, baseline n=77, 
analytic n=37) 

No FA supplementation since beginning of 
pregnancy; all sachets included vitamins 
and minerals meeting recommended 
intakes during the second half of pregnancy 
for European women. 

Kaufman Assessment Battery for Children (K-ABC) 
Mental Processing Composite (Median (IQR)), Kruskal-Wallis, 
P=0.82   

 Placebo: 110 (14.5)    

 5-MTHF: 108 (12.0)   

 FO: 110 (11.0)   

 FO + 5-MTHF: 108 (10.5)   
 
Sequential Processing Scale (Median (IQR)), Kruskal-Wallis, 
P=0.57   

 Placebo: 106 (19)  

 5-MTHF: 104 (14)  

 FO: 108 (12)  

 FO + 5-MTHF: 104 (17)    
 

Simultaneous Processing Scale (Median (IQR)), Kruskal-Wallis, 
P=0.88  

 Placebo: 112 (11.5)   

 5-MTHF: 109 (14)  

 FO: 112 (10.5)  

 FO + 5-MTHF: 110 (10.5) 

Catena, 201625 
RCT; Germany,Hungary,Spain  
 
Summary:  

Maternal intake of folic acid (5-MTHF) and 
fish oil (FO) supplements in milk-based 
sachets during 20wk gestation to delivery; 4 
groups:  

ANT: Correct responses:    
Global Speed Response Times for correct responses (Median ± 
SD, ms), ANCOVA of log-transformed means, P=0.07   

                                            

xlii ANCOVA: analysis of covariance; ANT: Attention Network Test; ASD: autism spectrum disorder; CI: confidence interval; d: day; DHA: docosahexaenoic 
acid; EPA: eicosapentaenoic acid; FA: folic acid; FO: fish oil; IQR: interquartile range; K-ABC: Kaufman Assessment Battery for Children; MTHF: 
methyltetrahydrofolate; NCC: nested case-control; OR: odds ratio; PCS: prospective cohort study; RASP: Resiliency Attitudes and Skills Profile; RCT: 
randomized controlled trial; RR: relative risk; RRR: relative risk ratio; SD: standard deviation; SDQ: Strengths and Difficulties Questionnaire; SES: 
socioeconomic status; TEIQue-CSF: Trait Emotional Intelligence Questionnaire Child Short Form; wk: week(s); y: year(s) 
xliii Statistically significant findings bolded 
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Article Intervention/Exposure Outcome and Results 

Consuming 400 µg/d folic acid 
supplements during the second half of 
pregnancy improved conflict response 
times on the ANT at 8.5y versus placebo, 
but did not effect response speed or 
accuracy for altering or orienting. 
Consuming 400 µg/d folic acid plus fish 
oil compared to fish oil alone or 5-MTHF 
alone during the second half of 
pregnancy worsened the alerting 
response. 
 
Limitations: 

 Key confounders NOT accounted for: 
Race/ethnicity  

 No preregistered protocol with analysis 
plan 

 

 Placebo (Ref, baseline n=80, analytic 
n=32),  

 5-MTHF (400 µg/d, baseline n=77, 
analytic n=27),  

 FO (500 mg/d DHA, 150 mg/d EPA, 
baseline n=77, analytic n=37),  

 FO+5-MTHF (500 mg/d DHA, 150 mg/d 
EPA, 400 µg/d 5-MTHF, baseline n=77, 
analytic n=34) 

No FA supplementation since beginning of 
pregnancy; all sachets included vitamins 
and minerals meeting recommended 
intakes during the second half of pregnancy 
for European women. 

 Placebo: 818 ± 132 

 5-MTHF: 872 ± 98 

 FO:  854 ± 135 

 FO + 5-MTHF: 825 ± 111  
 

Conflict Score (Interference; Incongruent minus Congruent, 
Lower=more efficient executive network; Median ± SD, ms), 
ANCOVA of log-transformed means, P=0.01   

 Placebo: 101 ± 63 

 5-MTHF: 60 ± 75 

 FO: 83 ± 67 

 FO + 5-MTHF: 96 ± 66 MTHF, P<0.01 

 Simple effects: 5-MTHF < Placebo, P<0.05; 5-MTHF < FO+5-
MTHF, P<0.05; 5-MTHF = FO 

 Interactions: flanker*FO*5- 
o , P=0.24 

 
Orienting Score (Central minus Spatial cue, Lower=more efficient 
orienting network; Median ± SD, ms), ANCOVA of log-transformed 
means, P=0.95   

 Placebo: 41 ± 54 

 5-MTHF: 36 ± 69 

 FO: 47 ± 48 

 FO + 5-MTHF: 38 ± 70  

 Interactions: FO*5-MTHF, NS 
 

Alerting Score (No cue minus Double cue, Lower=more efficient 
alerting network; Median ± SD, ms), ANCOVA of log-transformed 
means, P=0.03   

 Placebo: 74 ± 65 

 5-MTHF: 48 ± 77 

 FO: 43 ± 56 

 FO + 5-MTHF: 71 ± 55  

 Interactions: FO*5-MTHF, P<0.03 
o Simple effects: FO < FO+5-MTHF, P<0.04; 5-MTHF < FO+5-

MTHF, P<0.04  
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Article Intervention/Exposure Outcome and Results 

ANT: Percent errors:   
Total % errors (Mean ± SD), ANCOVA, P=0.42  

 Placebo: 7.2 ± 6.2 

 5-MTHF: 8.0 ± 7.3 

 FO: 8.1 ± 5.8 

 FO + 5-MTHF: 6.9 ± 6.1   
 

Conflict % error (Incongruent cue minus Congruent cue, Mean ± 
SD), ANCOVA, P=0.52  

 Placebo: 6.3 ± 10.8 

 5-MTHF: 4.8 ± 6.4 

 FO: 4.0 ± 5.3 

 FO + 5-MTHF: 5.8 ± 8.0  
 

Orienting % error (Central cue minus Spatial cue, Mean ± SD), 
ANCOVA, P=0.81  

 Placebo: -0.3 ± 5.7 

 5-MTHF: -0.3 ± 7.3 

 FO: 0.3 ± 6.0 

 FO + 5-MTHF: -0.2 ± 5.0  
  

Alerting % error (No cue minus Double cue, Mean ± SD), ANCOVA, 
P=0.32  

 Placebo: -0.1 ± 5.5 

 5-MTHF: 1.2 ± 4.1 

 FO: 1.2 ± 6.9 

 FO + 5-MTHF: 0.5 ± 6.1 

Henry, 201826 
RCT; United Kingdom  
 
Summary:  
Consuming 400 µg/d folic acid 
supplements throughout pregnancy 
resulted in improved resilience and 
emotional intelligence in children at 7y 
compared to children whose mothers 
consumed 400 µg/d folic acid in the first 
trimester alone. There was no effect of 

Maternal intake of 400 µg/d folic acid 
supplements during 14wk gestation to 
delivery; 2 groups:  

 Placebo (Ref, baseline n=94, analytic 
n=17) 

 400 µg/d FA (baseline n=96, analytic 
n=22) 

All women consumed 400 µg/d folic acid 
for the first trimester 

RASP (Higher scores=more resilience) 
Resilience total, Mann–Whitney, P=0.001 

 Placebo: Median=3.75, IQR=0.36 

 FA: Median=4.18, IQR=0.31 
 

Creativity, Mann–Whitney, P=0.008 

 Placebo: Median=3.75, IQR=0.63 

 FA: Median=4.25, IQR=0.56 
 
Humour, Mann–Whitney, P=0.003 
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Article Intervention/Exposure Outcome and Results 

maternal folic acid supplementation 
during the second and third trimester on 
child difficulties or pro-social behavior. 
 
Limitations: 

 Key confounders NOT accounted for: 
Parity,Gestational age  

 Some concerns about missing outcome 
data in this follow-up study 

 No preregistered protocol with analysis 
plan 

 

 Placebo: Median=3.25, IQR=1.13 

 FA: Median=3.88, IQR=1.00  
 

Independence, Mann–Whitney, P=0.001 

 Placebo: Median=3.63, IQR=0.69 

 FA: Median=4.00, IQR=0.75  
 

Initiative, Mann–Whitney, P=0.017 

 Placebo: Median=3.60, IQR=0.80  

 FA: Median=4.00, IQR=0.60  
 

Insight, Mann–Whitney, P=0.006 

 Placebo: Median=3.86, IQR=0.57 

 FA: Median=4.29, IQR=0.64  
 

Relationships, Mann–Whitney, P=0.003 

 Placebo: Median=4.00, IQR=0.44 

 FA: Median=4.50, IQR=0.53  
 

Values orientation, Mann–Whitney, P=0.007 

 Placebo: Median=4.00, IQR=0.63  

 FA: Median=4.38, IQR=0.56  
 

SDQ (Lower scores=fewer difficulties) 
Difficulties total, Mann–Whitney, P=0.217 

 Placebo: Median=11.00, IQR= 12.50 

 FA:  Median=6.00, IQR=4.25  
 

Emotional difficulties, Mann–Whitney, P=0.863  

 Placebo: Median=3.00, IQR=7.00 

 FA: Median=2.50, IQR=4.25 
 

Conduct problems, Mann–Whitney, P=0.038 

 Placebo: Median=3.00, IQR=3.50 

 FA: Median=0.50, IQR=7.00  
 

Hyperactivity, Mann–Whitney, P=0.455  

 Placebo: Median=4.00, IQR=7.00 
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Article Intervention/Exposure Outcome and Results 

 FA: Median=3.00, IQR=4.50   
 

Peer problems, Mann–Whitney, P=0.884   

 Placebo: Median=1.00, IQR=5.00 

 FA: Median=1.00, IQR=2.00   
 

Prosocial behaviour (Higher scores=beneficial), Mann–Whitney, 
P=0.426   

 Placebo: Median=9.00, IQR=4.00   

 FA: Median=10.00, IQR=1.00   
 

TEIQue-CSF (Higher scores=beneficial)  
Emotional Intelligence total, Mann–Whitney, P=0.001  

 Placebo: Median=57.00, IQR=7.00    

 FA: Median=64.50, IQR=8.50   
 

Emotional expressive, Mann–Whitney, P=0.006  

 Placebo: Median=4.00, IQR=0.50  

 FA: Median=4.50, IQR=1.00  
 

Empathy, Mann–Whitney, P=0.026  

 Placebo: Median=3.00, IQR=1.00   

 FA: Median=4.00, IQR=1.25  
 

Self-motivation, Mann–Whitney, P=0.154   

 Placebo: Median=4.00, IQR=2.00  

 FA: Median=4.00, IQR=1.00  
 

Emotional regulation, Mann–Whitney, P=0.038   

 Placebo: Median=3.00, IQR=2.00  

 FA: Median=4.00, IQR=1.25  
 

Happiness, Mann–Whitney, P=0.056   

 Placebo: Median=4.00, IQR=1.00  

 FA: Median=5.00, IQR=1.00  
 

Social awareness, Mann–Whitney, P=0.076  

 Placebo: Median=4.00, IQR=1.00  
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Article Intervention/Exposure Outcome and Results 

 FA: Median=5.00, IQR=1.00  
 

Low impulsivity, Mann–Whitney, P=0.098   

 Placebo: Median=4.00, IQR=1.00  

 FA: Median=4.00, IQR=3.00  
 

Emotional perceptive, Mann–Whitney, P=0.467   

 Placebo: Median=4.00, IQR=2.00  

 FA: Median=4.00, IQR=0.25  
 

Self esteem, Mann–Whitney, P=0.082   

 Placebo: Median=4.00, IQR=1.00  

 FA: Median=4.50, IQR=1.00  
 

Assertiveness, Mann–Whitney, P=0.123   

 Placebo: Median=4.00, IQR=1.00   

 FA: Median=4.00, IQR=0.25    
 

Emotion management, Mann–Whitney, P=0.346   

 Placebo: Median=4.00, IQR=0.50   

 FA: Median=4.00, IQR=0.25  
 

Optimism, Mann–Whitney, P=0.309   

 Placebo: Median=4.00, IQR=0.25    

 FA: Median=4.00, IQR=0.25   
 

Relationships, Mann–Whitney, P=0.076   

 Placebo: Median=4.00, IQR=1.00   

 FA: Median=5.00, IQR=1.00   
 

Adaptable, Mann–Whitney, P=0.026   

 Placebo: Median=4.00, IQR=1.00   

 FA: Median=4.00, IQR=1.00   
 

Stress management, Mann–Whitney, P=0.030   

 Placebo: Median=3.00, IQR=1.00   

 FA: Median=4.00, IQR=0.50 
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Article Intervention/Exposure Outcome and Results 

Cohort Studies   

Handal, 201627 
PCS; Norway  
 
Summary:  
Compared to consuming folic acid during 
early pregnancy (4 weeks before to 8 
weeks pregnant), not consuming folic 
acid and consuming folic acid in later 
pregnancy (9 to 29 weeks gestation) was 
positively associated with language 
competence when the child was 3y 
(child's language delay vs ability to speak 
in long complicated sentences) but not 
statistically associated with the child's 
ability to speak in fairly completely 
sentences versus long, complicated 
sentences. 
 
Limitations: 

 Key confounders NOT accounted for: 
Maternal age, Race/ethnicity, Human 
milk feeding practices (intensity, 
duration) 

 Exposure data are self-report; dose NR 

 No preregistered protocol with analysis 
plan 

 Power analysis NR 
 

Maternal intake of folic acid supplements; 3 
groups: 

 No folic acid supplementation (analytic 
n=7330) 

 FA during early pregnancy (Ref; 4wk 
before conception through 8wk gestation, 
analytic n=37538) 

 FA later in pregnancy (9-29wk gestation 
only, analytic n=6507) 

Language Competence* 
Fairly complete sentences vs long, complicated sentences, 
Multinomial logistic regression (Adj RRR (95% CI), n=49687) 

 FA during -4 through 8wk gestation (n=36250): Ref 

 FA during 9 through 29wk gestation (n=6188): 1.1 (1.0, 1.2) 

 No FA (n=6899): 1.1 (1.0, 1.2) 
 
Language delay vs long, complicated sentences, Multinomial 
logistic regression (Adj RRR (CI), n=41900) 

 FA during -4 through 8wk gestation (n=30790): Ref 

 FA during 9 through 29wk gestation (n=5172): 1.2 (1.1, 1.4) 

 No FA (n=5644): 1.3 (1.1, 1.5) 
 

* Data include women who took FA with other vits/minerals, but “the 
main results did not change with the alternative analytical 
approaches, excluding mothers who used multivitamins during 
pregnancy” 

Roth, 201128 
PCS; Norway  
 
Summary:  
Consuming folic acid supplements during 
the periconceptional period (4wk before 
to 8wk after conception) was associated 
with a reduced risk of moderate and 

Maternal intake of folic acid supplements 
during the periconceptional period (4wk 
before to 8wk after conception); 2 groups:   

 No supp (Ref, n=9460, analytic n=9032)   

 FA only (n=7354, analytic n=7127) 

Language Competence 
Severe language delay, Logistic regression   

 No Supp (Ref): n=81 (0.9%)   

 FA: n=28 (0.4%)   

 Adjusted OR=0.55, 95% CI: 0.35, 0.86   
 
Severe language delay among males (n=8146), Logistic 
regression   

 No Supp (Ref): n=62 (1.4%)   
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Article Intervention/Exposure Outcome and Results 

severe language delay in children at 3y 
compared with no dietary supplements. 
 
Limitations: 

 Key confounders NOT accounted for: 
Race/ethnicity, Gestational age  

 Exposure data are self-report; dose NR 

 No preregistered protocol with analysis 
plan 

 

 FA: n=24 (0.7%)   

 Adjusted OR=0.61, 95% CI: 0.37, 1.00     
 

Severe language delay among females (n=8033), Logistic 
regression 

 No Supp (Ref): n=19 (0.4%) 

 FA: n=4 (0.1%) 

 Adjusted OR=0.36, 95% CI: 0.12, 1.10 
 
Moderate language delay, Logistic regression 

 No Supp (Ref): n=404 (4.4%) 

 FA: n=227 (3.1%) 

 Adjusted OR=0.82, 95% CI: 0.69, 0.97 
 

Nested Case-Control Studies   

Levine, 2018 29 
NCC; Israel  
 
Summary:  
Consuming folic acid supplements before 
and/or during pregnancy was associated 
with a reduced risk of ASD in the children 
compared with the children of mothers 
without such exposure. 
 
Limitations: 

 Key confounders NOT accounted for: 
Race/ethnicity, Anthropometry, 
Smoking, Gestational age, Human milk 
feeding practices (intensity, duration) 

 Exposure based on data on 
supplements dispensed, not on intake 

 No pre-registered analysis plan 

 Power analysis NR 
 

Maternal folic acid supplementation; 4 
groups: 

 No FA supp (n=26332) 

 FA supp before pregnancy only (271-540d 

before delivery, n=3085) 

 FA supp during pregnancy only (0-270d 

before delivery, n=11741) 

 FA supp before and during pregnancy 

only (0-540d before delivery, n=4142)  

Risk of ASD, Adjusted Cox proportional hazards regression: 
FA before and during pregnancy: RR=0.35, 95% CI: 0.24, 0.50; 
P<0.001  

 Cases: exposed=29, not exposed=469 

 Controls: exposed=4113, not exposed=25863 
 
FA before pregnancy only: RR=0.31, 95% CI: 0.19, 0.48; P<0.001 

 Cases: exposed=19, not exposed=469 

 Controls: exposed=3066, not exposed=25863 
 

FA during pregnancy only: RR=0.25, 95% CI: 0.19, 0.33; P<0.001 

 Cases: exposed=55, not exposed=469 

 Controls: exposed=11686, not exposed=25863 
 

FA before vs during pregnancy: RR=0.84, 95% CI: 0.50, 1.42; 
P=0.52 

 Cases: exposed before pregnancy only=19, exposed during 
pregnancy only=55 

 Controls: exposed before pregnancy only=3066, exposed during 
pregnancy only=11686 
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Article Intervention/Exposure Outcome and Results 

FA from 4wk preconception to 8wk postconception: RR=0.41, 
95% CI: 0.31, 0.55; P<0.001  

 Cases: exposed=50, not exposed=522 

 Controls: exposed=8111, not exposed=36617 
 

Sub-analysis among singletons (no siblings) 
FA before pregnancy: RR=0.53, 95% CI: 0.35, 0.79;  P=0.002 

 Cases: exposed=24, not exposed=245 

 Controls: exposed=1865, not exposed=9285 
 

FA during pregnancy: RR=0.37, 95% CI: 0.27, 0.50; P<0.001 

 Cases: exposed=46, not exposed=223 

 Controls: exposed=4082, not exposed=7068 
 

Sub-analysis among male offspring 
FA before pregnancy: RR=0.57, 95% CI: 0.42, 0.79; P<0.001 

 Cases: exposed=40, not exposed=430 

 Controls: exposed=3642, not exposed=19098 
 
FA during pregnancy: RR=0.33, 95% CI: 0.26, 0.43; P<0.001 

 Cases: exposed=70, not exposed=400 

 Controls: exposed=7997, not exposed=14743 
 

Sub-analysis among female offspring 
FA before pregnancy: RR=0.49, 95% CI: 0.24, 0.99; P=0.05   

 Cases: exposed=8, not exposed=94 

 Controls: exposed=3537, not exposed=18451 
 

FA during pregnancy: RR=0.28, 95% CI: 0.16, 0.49; P<0.001 

 Cases: exposed=14, not exposed=88 

 Controls: exposed=7802, not exposed=14186 
 

Sub-analysis among low SES group 
FA before pregnancy: RR=0.46, 95% CI: 0.27, 0.81; P=0.006 

 Cases: exposed=13, not exposed=230 

 Controls: exposed=3899, not exposed=23241 
 

FA during pregnancy: RR=0.23, 95% CI: 0.15, 0.35; P<0.001 
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Article Intervention/Exposure Outcome and Results 

 Cases: exposed=25, not exposed=218 

 Controls: exposed=9332, not exposed=17808 
 

Sub-analysis among both parents with psychiatric diagnosis 
FA before pregnancy: RR=0.75, 95% CI: 0.44, 1.28; P=0.29 

 Cases: exposed=15, not exposed=111 

 Controls: exposed=1090, not exposed=5063 
 

FA during pregnancy: RR=0.30, 95% CI: 0.19, 0.48; P<0.001  

 Cases: exposed=19, not exposed=107 

 Controls: exposed=2334, not exposed=3819 
 

Sub-analysis among both parents without psychiatric diagnosis   
FA before pregnancy: RR=0.50, 95% CI: 0.29, 0.84; P=0.009  

 Cases: exposed=14, not exposed=197 

 Controls: exposed=3192, not exposed=17901 
 

FA during pregnancy: RR=0.34, 95% CI: 0.23, 0.50; P<0.001 

 Cases: exposed=29, not exposed=182 

 Controls: exposed=7085, not exposed=14008 
 

Sub-analysis among children with intellectual disability 
diagnosis 
FA before pregnancy: RR=0.66, 95% CI: 0.25, 1.76; P=0.41 

 Cases: exposed=44, not exposed=474 

 Controls: exposed=7183, not exposed=37599 
 
FA during pregnancy: RR= 0.12, 95% CI: 0.04, 0.36; P<0.001 

 Cases: exposed=81, not exposed=437 

 Controls: exposed=15802, not exposed=28980 
 

Sub-analysis among children without intellectual disability 
diagnosis   
FA before pregnancy: RR= 0.55, 95% CI: 0.40, 0.74; P<0.001 

 Cases: exposed=4, not exposed=50 

 Controls: exposed=7223, not exposed=38023 
 
FA during pregnancy: RR=0.35, 95% CI: 0.28, 0.44; P<0.001 
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Article Intervention/Exposure Outcome and Results 

 Cases: exposed=3, not exposed=51 

 Controls: exposed=15880, not exposed=29366 
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Table 22. Risk of bias for randomized controlled trials examining folic acid from dietary supplements and/or fortified foods 
during pregnancy and lactation and developmental milestones, including neurocognitive development, in the childxliv, xlv 

 
Randomization Deviations from 

intended interventions 
Missing outcome 

data 
Outcome 

measurement 
Selection of the 
reported result 

Henry, 201826 Low  Low  Some concerns Low  Some concerns 

Catena, 201625 Low  Low  Low  Low  Some concerns 

Campoy, 201124 Low  Low  Low  Low  Some concerns 

                                            

xliv A detailed description of the methodology used for assessing risk of bias is available on the NESR website: https://nesr.usda.gov/2020-dietary-
guidelines-advisory-committee-systematic-reviews and in Part C of the following reference: Dietary Guidelines Advisory Committee. 2020. Scientific Report 
of the 2020 Dietary Guidelines Advisory Committee: Advisory Report to the Secretary of Agriculture and the Secretary of Health and Human Services. U.S. 
Department of Agriculture, Agricultural Research Service, Washington, DC. 
xlv Possible ratings of low, some concerns, or high determined using the "Cochrane Risk-of-bias 2.0" (RoB 2.0) (August 2016 version)” (Higgins JPT, 
Sterne JAC, Savović J, Page MJ, Hróbjartsson A, Boutron I, Reeves B, Eldridge S. A revised tool for assessing risk of bias in randomized trials In: 
Chandler J, McKenzie J, Boutron I, Welch V (editors). Cochrane Methods. Cochrane Database of Systematic Reviews 2016, Issue 10 (Suppl 1). 
dx.doi.org/10.1002/14651858.CD201601.) 

https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
https://www.riskofbias.info/welcome/rob-2-0-tool
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Table 23. Risk of bias for observational studies examining folic acid from dietary supplements and/or fortified foods during 
pregnancy and lactation and developmental milestones, including neurocognitive development, in the childxlvi 

 
Confounding Selection of 

participants 
Classification 
of exposures 

Deviations from 
intended exposures 

Missing data Outcome 
measurement 

Selection of the 
reported result 

Handal, 201627 Serious Low  Moderate Low  Low  Low  Moderate 

Roth, 201128 Serious Low  Moderate Low  Low  Low  Moderate 

Levine, 201829 Serious Low  Moderate Low  Low  Low  Moderate 

                                            

xlvi Possible ratings of low, moderate, serious, critical, or no information determined using the "Risk of Bias for Nutrition Observational Studies" tool (RoB-
NObs) (Dietary Guidelines Advisory Committee. 2020. Scientific Report of the 2020 Dietary Guidelines Advisory Committee: Advisory Report to the 
Secretary of Agriculture and the Secretary of Health and Human Services. U.S. Department of Agriculture, Agricultural Research Service, Washington, 
DC.) 
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Research recommendations 

More research is needed: 

 To assess the relationship between folate from fortified foods during pregnancy and 
lactation is related to health outcomes. 

 To examine the potential effects of folate intake at or above the Tolerable Upper 
Intake Level. 

 On folic acid supplementation as an individual nutrient as compared to as a multi-
vitamin/mineral or prenatal supplement, and as compared to fortified food, in 
relation to health outcomes. 

 To understand the relationship between folic acid supplementation and during 
pregnancy and lactation and milk folate levels in folate deficient women and those 
with adequate levels. 

 To understand the relationship between folic acid from supplements and/or fortified 
foods consumed before and during pregnancy and the risk of gestational diabetes. 

 To assess the relationship between folic acid from supplements consumed before 
and during pregnancy and lactation and  

o child language development, autism spectrum disorder, cognitive 
development, and social emotional development. 

o child movement/physical development, academic performance, attention-
deficit disorder (ADD) or attention-deficit/hyperactivity disorder (ADHD), 
anxiety, and depression. 

 To examine the relationship between folic acid from supplements consumed during 
lactation and developmental milestones including neurobehavioral development in 
the child. 

 To assess the relationship between folic acid from fortified foods consumed before 
and during pregnancy and lactation and developmental milestones including 
neurobehavioral development in the child. 
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METHODOLOGY  

The NESR team used its rigorous, protocol-driven methodology to support the 2020 Dietary 
Guidelines Advisory Committee in conducting this systematic review. 

NESR’s systematic review methodology involves: 

 Developing a protocol, 

 Searching for and selecting studies, 

 Extracting data from and assessing the risk of bias of each included study, 

 Synthesizing the evidence, 

 Developing conclusion statements, 

 Grading the evidence underlying the conclusion statements, and  

 Recommending future research.  

A detailed description of the methodology used in conducting this systematic review is available on 
the NESR website: https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-
reviews, and can be found in the 2020 Dietary Guidelines Advisory Committee Report, Part C: 
Methodology.xlvii This systematic review was peer reviewed by Federal scientists, and information 
about the peer review process can also be found in the Committee’s Report, Part C. Methodology.  
Additional information about this systematic review, including a description of and rationale for any 
modifications made to the protocol can be found in the 2020 Dietary Guidelines Advisory Committee 
Report, Chapter 2. Food, Beverage, and Nutrient Consumption During Pregnancy and Chapter 3. 
Food, Beverage, and Nutrient Consumption During Lactation. 

Below are details of the final protocol for the systematic review described herein, including the: 

 Analytic framework  

 Literature search and screening plan 
 Literature search and screening results 

ANALYTIC FRAMEWORK 

The analytic framework (Figure 1 through Figure 5) illustrates the overall scope of the systematic 
review, including the population, the interventions and/or exposures, comparators, and outcomes of 
interest. It also includes definitions of key terms and identifies key confounders considered in the 
systematic review. The inclusion and exclusion criteria that follow provide additional information about 
how parts of the analytic framework were defined and operationalized for the review.  

 

 

 

 

 

                                            

xlvii Dietary Guidelines Advisory Committee. 2020. Scientific Report of the 2020 Dietary Guidelines Advisory 
Committee: Advisory Report to the Secretary of Agriculture and the Secretary of Health and Human Services. U.S. 
Department of Agriculture, Agricultural Research Service, Washington, DC. 

https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews
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Figure 1. Analytic framework: Folic acid and micronutrient status 
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Figure 2. Analytic framework: Folic acid and risk of gestational diabetes 
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Figure 3. Analytic framework: Folic acid and risk of hypertensive disorders during 
pregnancy 
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Figure 4. Analytic framework: Folic acid and human milk composition 
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Figure 5. Analytic framework: Folic acid and developmental milestones, including 
neurocognitive development, in the child 
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LITERATURE SEARCH AND SCREENING PLAN 

Inclusion and exclusion criteria 

This table provides the inclusion and exclusion criteria for the systematic review. The inclusion 
and exclusion criteria are a set of characteristics used to determine which articles identified in the 
literature search were included in or excluded from the systematic review. 

Table 24. Inclusion and exclusion criteria 

Category Inclusion Criteria Exclusion Criteria 

Study design  Randomized controlled trials 

 Non-randomized controlled trials including 
quasi-experimental and controlled before-
and-after studies 

 Prospective cohort studies  

 Retrospective cohort studies  

 Nested case-control studies 

 Uncontrolled before-and-after studies 

 Cross-sectional studies (for outcomes: 
human milk composition) 

 Uncontrolled trials 

 Case-control studies 

 Cross-sectional studies (for outcomes: 
micronutrient status, gestational diabetes, 
hypertensive disorders, developmental 
milestones, including neurocognitive 
health) 

 Narrative reviews  

 Systematic reviews 

 Meta-analyses 

Intervention/ 
exposure 

 

 Exposure to, including intake of, folic acid 
from:  

o Dietary supplements (including 
multiple-nutrient supplements) 

o Fortified foods  

o Dietary supplements + fortified foods 

 Folic acid includes all folate species, 
including 5-MTHF and folinic acid 

 Exposure to multiple-micronutrient 
supplements in which nutrients other than 
the nutrient of interest vary  

 

Comparator  Different levels of exposure to, including 
intake of, folic acid from: 

o Dietary supplements (including 
multiple-nutrient supplements) 

o Fortified foods 

o Dietary supplements + fortified foods 

 No comparator 

 Exposure to multiple-micronutrient 
supplements in which nutrients other than 
the nutrient of interest vary 

Outcome:  

Micronutrient 
status 

 Including, but not limited to: 
o Folate: serum folate, RBC folate, etc. 
o Vitamin B12 
o Hemoglobin 
o Mean Corpuscular Volume (MCV)  
o Red Blood Cell Distribution Width 

(RDW), etc. 

 N/A 
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Category Inclusion Criteria Exclusion Criteria 

Outcome:  

Gestational 
diabetes 

Intermediate outcome: 

 Fasting glucose 

 Hemoglobin A1C  

 Glucose tolerance/insulin resistance 

 Oral Glucose Tolerance Test 
 

Endpoint outcome: 

 Gestational diabetes 

 N/A 

Outcome:  

Hypertensive 
disorders 

Intermediate outcome: 

 Blood pressure (systolic and diastolic) 
during pregnancy 

 Protein in the urine (proteinuria) 
 
Endpoint outcome: 

 Eclampsia 

 Preeclampsia 

 Gestational hypertension 

 N/A 

Outcome:  

Human milk 
composition 

 Including, but not limited to: 
o Folate: total folate, reduced folates, 

unmetabolized folic acid, etc. 

 Human milk from third parties (e.g., 
banked/donor milk) 

Outcome:  

Developmental 
milestones, 
including 
neurocognitive 
development  

 Developmental domains, examined via 
milestone achievement and/or 
scales/indices, including: 
o Cognitive,  
o Language/communication,  
o Movement/physical,  
o Social-emotional 

 Academic performance  

 Attention deficit disorder (ADD) or 
attention-deficit/hyperactivity disorder 
(ADHD)  

 Anxiety 

 Depression  

 Autism spectrum disorder (ASD) 

 N/A 

Date of 
publication (for all 
outcomes)  

 January 1980 – June/July 2019 

 

 Articles published prior to January 1980 

Publication status  Articles that have been peer-reviewed   Articles that have not been peer-reviewed 
and are not published in peer-reviewed 
journals, including unpublished data, 
manuscripts, reports, abstracts, and 
conference proceedings 

Language of 
publication 

 Articles published in English  Articles published in languages other than 
English 

Countryxlviii  Studies conducted in countries ranked as 
high or very high human development 

 Studies conducted in countries ranked as 
medium or lower human development  

                                            

xlviii The Human Development classification was based on the Human Development Index (HDI) ranking from the year 
the study intervention occurred or data were collected (UN Development Program. HDI 1990-2017 HDRO 
calculations based on data from UNDESA (2017a), UNESCO Institute for Statistics (2018), United Nations Statistics 
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Category Inclusion Criteria Exclusion Criteria 

Study participants  Human participants 

 

 Non-human participants (e.g., animal or 
in-vitro models) 

 Studies that exclusively enroll multiple 
gestation pregnancies or exclusively 
present combined analyses of singleton 
and multiple gestations 

Life stage of 
study participants 
- intervention or 
exposure 
(relevant for all 
outcomes) 

 Women up to 6 months before pregnancy 

 Women during pregnancy  

 Women during lactation 

 N/A 

 

Life stage of 
study participants 
- outcomes: 
micronutrient 
status  

 Women during pregnancy 

 Women during lactation 
 

 N/A 

 

Life stage of 
study participants 
- outcomes: 
gestational 
diabetes  

 Women during pregnancy  
 

 N/A 

Life stage of 
study participants 
- outcomes: 
hypertensive 
disorders  

 Women during pregnancy 
 

 N/A 

Life stage of 
study participants 
- outcomes: milk 
composition 

 Women during lactation  N/A  

Life stage of 
study participants 
- outcomes: 
developmental 
milestones 
including 
neurocognitive 
development 

 Infants and toddlers (birth – 24 months) 

 Children and adolescents (2 – 18 years) 

 Adults (19 – 64 years) 

 Older adults (65 years and older )  

                                            

Division (2018b), World Bank (2018b), Barro and Lee (2016) and IMF (2018). Available from: 
http://hdr.undp.org/en/data). If the study did not report the year in which the intervention occurred or data were 
collected, the HDI classification for the year of publication was applied. HDI values are available from 1980, and then 
from 1990 to present. If a study was conducted prior to 1990, the HDI classification from 1990 was applied. When a 
country was not included in the HDI ranking, the current country classification from the World Bank was used instead 
(The World Bank. World Bank country and lending groups. Available from: 
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world- country-and-lending-groups). 

http://hdr.undp.org/en/data
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-
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Category Inclusion Criteria Exclusion Criteria 

Health status of 
study participants 

 Studies that enroll participants who are 
healthy and/or at risk for chronic disease, 
including those with obesity 

 Studies that enroll some participants 
diagnosed with a disease or with the health 
outcome of interest: 

o Gestational diabetes 

o Hypertensive disorders of pregnancy  

o Neurocognitive disorders (ADD, 
ADHD, anxiety, depression, or ASD) 

o Studies that enroll some participants 
who are deficient in folate 

 Studies that enroll some mothers with 
infants who are born preterm (<37 weeks 
and 0/7 days gestational age)  

 Studies that exclusively enroll or enroll 
some mothers diagnosed with the outcome 
of interest that is to be examined in the 
infant/child (developmental milestones, 
including neurocognitive development) 

 

 Studies that exclusively enroll participants 
diagnosed with a chronic disease, or 
hospitalized with an illness or injury. (For 
this criterion, studies that exclusively enroll 
participants with obesity will not be 
excluded.) 

 Studies that exclusively enroll participants 
with the outcome of interest (gestational 
diabetes, hypertensive disorders of 
pregnancy) (i.e., studies that aim to treat 
participants who have already been 
diagnosed with the outcome of interest) 

 Studies that exclusively enroll infants born 
preterm (gestational age <37 weeks and 0/7 
days), infants with low birth weight (<2500g), 
and/or infants born small for gestational age 

 
 

Electronic databases and search terms  

Micronutrient status and Human milk composition 

PubMed 

 Provider: U.S. National Library of Medicine 

 Date(s) searched: June 14, 2019 

 Date range searched: January 1, 1980 to June 14, 2019 

 Search terms: 

#1 - "Folic Acid"[Mesh] OR folic acid* OR folate* OR folacin* 

#2 - Dietary supplements[mh] OR diet supplement* OR dietary supplement* OR food 
supplement* OR nutrition supplement* OR nutritional supplement* OR vitamin 
supplement*[tiab] OR multivitamin*[tiab] OR prenatal vitamin*[tiab] OR maternal vitamin*[tiab] 

#3 - "Food, Fortified"[Mesh] OR ((food[mh] OR food[tiab] OR foods[tiab]) AND 
(fortification[tiab] OR fortified[tiab] OR fortify[tiab] OR fortifies[tiab] OR fortifying[tiab] OR 
enrich*[tiab])) OR fortified food* OR enriched food* OR enriching food* OR fortifying food* OR 
food fortification[tiab] OR "folic acid fortified"[tiab] OR folic acid fortified food* 

#4 - pregnancy[mh] OR pregnancy complications[mh] OR “Prenatal Exposure Delayed 
Effects”[mesh] OR “Maternal Exposure”[mesh] OR “pregnant women”[mh] OR pregnan*[tiab] 
OR pre-pregnancy[tiab] OR prenatal[tiab] OR pre-natal[tiab] OR maternal[tiab] OR 
mother[tiab] OR mothers[tiab] OR mothers[mh] OR postpartum[tiab] OR perinatal[tiab] OR 
peri-natal[tiab] OR pre-conception[tiab] OR preconception[tiab] OR peri-conception[tiab] OR 
periconception[tiab] OR "Peripartum Period"[Mesh] OR peripartum[tiab] OR peri-partum[tiab] 
OR gestation*[tiab] OR natal[tiab] OR antenatal[tiab] OR ante-natal[tiab] OR puerperium[tiab] 
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OR "Maternal Nutritional Physiological Phenomena"[Mesh] 

#5 - Lactation[mh] OR lactation[tiab] OR lactating[tiab] OR breast feeding[mh] OR 
breastfeeding[tiab] OR breast feed* OR breast-feed*[tiab] OR breastfed[tiab] OR breast-
fed[tiab] OR breastfeed* 

#6 - Milk, human[mh] OR "breast milk"[tiab] OR breast-milk[tiab] OR "human milk"[tiab] OR 
"mother's milk"[tiab] OR "mothers milk"[tiab] OR breastmilk[tiab] OR “human milk 
composition”[tiab] OR "milk composition"[tiab] 

#7 - Micronutrients[mh] OR micronutrient*[tiab] OR vitamin*[tiab] OR vitamins[tiab] OR trace 
element* OR Iron[mh] OR iron[tiab] OR "Anemia"[Mesh] OR "Anemia"[tiab] OR anemic[tiab] 
OR iron deficien*[tiab] OR apoferritin*[tiab] OR ferritins[mh] OR ferritin*[tiab] OR ferrous[tiab] 
OR "Transferrin "[tiab] OR "Vitamin B 12"[Mesh] OR “vitamin B complex”[tiab] OR "Vitamin B 
12"[tiab] OR "Vitamin B12"[tiab] OR "Vitamin B 12 Deficiency"[Mesh] OR Cobamide*[tiab] OR 
Cobalamin*[tiab] OR Cyanocobalamin[tiab] OR eritron[tiab] OR hydroxocobalamin[mh] OR 
hydroxocobalamin[tiab] OR hemoglobin*[tiab] OR hemoglobins[mh] OR methemoglobin[tiab] 
OR oxyhemoglobin*[tiab] OR sulfhemoglobin*[tiab] OR mean corpuscular volume[tiab] OR 
MCV[tiab] OR red blood cell*[tiab] OR rbc[tiab] OR rbcs[tiab] OR RDW[tiab] OR red blood cell 
distribution width[tiab] OR erythrocyte indices[mh] OR multimicronutrient* OR multi‐
micronutrient* 

#8 - #1 AND (#2 OR #3) 

#9 - #4 OR #5 

#10 - #6 OR #7 

#11 - #8 AND #9 AND #10 

#12  -  #11 NOT ("Animals"[Mesh] NOT ("Animals"[Mesh] AND "Humans"[Mesh])) NOT 
(editorial[ptyp] OR comment[ptyp] OR news[ptyp] OR letter[ptyp] OR review[ptyp] OR 
systematic review[ptyp] OR systematic review[ti] OR meta-analysis[ptyp] OR meta-analysis[ti] 
OR meta-analyses[ti] OR retracted publication[ptyp] OR retraction of publication[ptyp] OR 
retraction of publication[tiab] OR retraction notice[ti])  

Filters: Publication date from 1980/01/01 to 2019/06/14, English 

Cochrane Central Register of Controlled Trials (CENTRAL) 

 Provider: John Wiley & Sons 

 Date(s) searched: June 14, 2019 

 Date range searched: January 1, 1980 to June 14, 2019 

 Search terms: 

#1 - [mh "folic acid"] OR “folic acid” OR “folic acids” OR folate OR folates OR folacin OR 
folacins 

#2 - [mh “Dietary supplements”] OR “diet supplement” OR “diet supplements” OR “dietary 
supplement” OR “dietary supplements” OR “food supplement” OR “food supplements” OR 
“nutrition supplement” OR “nutrition supplements” OR “nutritional supplement” OR “nutritional 
supplements” OR “vitamin supplement” OR “vitamin supplements” OR multivitamin OR 
multivitamins OR “prenatal vitamin” OR “prenatal vitamins” OR “maternal vitamins” OR 
“maternal vitamin” OR “pre-natal vitamin” OR “pre-natal vitamins” 

#3 - [mh "Food, Fortified"] OR (([mh food] OR food OR foods) AND (fortification OR fortified 
OR fortify OR fortifies OR fortifying OR enrich*)) OR “fortified food” OR “fortified foods” OR 
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“enriched food” OR “enriched foods” OR “enriching food” OR “enriching foods” OR “fortifying 
food” OR “fortifying foods” OR “food fortification” OR "folic acid fortified" 

#4 - [mh pregnancy] OR [mh “pregnancy complications”] OR [mh “Prenatal Exposure Delayed 
Effects”] OR [mh “Maternal Exposure”] OR [mh “pregnant women”] OR pregnan* OR pre-
pregnancy OR prenatal OR pre-natal OR maternal OR mother OR mothers OR [mh mothers] 
OR postpartum OR perinatal OR peri-natal OR pre-conception OR preconception OR peri-
conception OR periconception OR [mh "Peripartum Period"] OR peripartum OR peri-partum 
OR gestation* OR natal OR antenatal OR ante-natal OR puerperium OR [mh "Maternal 
Nutritional Physiological Phenomena"] 

#5 - [mh Lactation] OR lactation OR lactating OR [mh "breast feeding"] OR breastfeeding OR 
"breast feed" OR "breast feeds" OR breast-feed OR breast-feeds OR breastfed OR breast-fed 
OR breastfeed OR breastfeeds 

#6 - [mh "milk, human"] OR "breast milk" OR "human milk" OR "mothers milk" OR breastmilk 
OR "human milk composition" OR "human milk" 

#7 - [mh Micronutrients] OR micronutrient* OR vitamin OR vitamins OR “trace element” OR 
“trace elements” OR [mh Iron] OR iron OR [mh Anemia] OR Anemia OR anemic OR “iron 
deficiency” OR “iron deficient” OR apoferritin OR apoferritins OR [mh ferritins] OR ferritin OR 
ferritins OR ferrous OR Transferrin OR [mh “Vitamin B 12”] OR “vitamin B complex” OR 
“Vitamin B 12” OR “Vitamin B12” OR [mh “Vitamin B 12 Deficiency”] OR Cobamide* OR 
Cobalamin* OR Cyanocobalamin OR eritron OR [mh hydroxocobalamin] OR 
hydroxocobalamin OR hemoglobin* OR [mh hemoglobins] OR methemoglobin OR 
oxyhemoglobin* OR sulfhemoglobin* OR “mean corpuscular volume” OR MCV OR “red blood 
cell” OR “red blood cells” OR rbc OR rbcs OR RDW OR “red blood cell distribution width” OR 
[mh “erythrocyte indices”] OR multimicronutrient* OR multi‐micronutrient* 

#8 - #1 AND (#2 OR #3) 

#9 - #4 OR #5 

#10 - #6 OR #7 

#11 - #8 AND #9 AND #10 

Filters: Publication Year from 2000 to 2019, in Trials (Word variations have been searched) 

 

Embase 

 Provider: Elsevier 

 Date(s) searched: June 18, 2019 

 Date range searched: January 1, 1980 to June 18, 2019 

 Search terms: 

#1 - ('folic acid'/exp OR 'folic acid*':ti,ab OR folate*:ti,ab OR folacin*:ti,ab) AND ([article]/lim 
OR [article in press]/lim) AND [humans]/lim AND [english]/lim AND [1980-2019]/py 

#2 - ('diet supplementation'/exp OR 'dietary supplement'/exp OR 'diet supplement*':ti,ab OR 
'dietary supplement*':ti,ab OR 'food supplement*':ti,ab OR 'nutrition supplement*':ti,ab OR 
'nutritional supplement*':ti,ab OR 'vitamin supplement*':ti,ab OR multivitamin*:ti,ab OR 
'prenatal vitamin*':ti,ab OR 'maternal vitamin*':ti,ab) AND ([article]/lim OR [article in press]/lim) 
AND [humans]/lim AND [english]/lim AND [1980-2019]/py 

#3 - ('fortified food'/exp OR (('food'/exp OR foods:ti,ab OR food:ti,ab) AND (fortification:ti,ab 
OR fortified:ti,ab OR fortify:ti,ab OR fortifies:ti,ab OR fortifying:ti,ab OR enrich*:ti,ab)) OR 
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'fortified food*':ti,ab OR 'enriched food*':ti,ab OR 'enriching food*':ti,ab OR 'fortifying 
food*':ti,ab OR 'food fortification':ti,ab OR 'folic acid fortified':ti,ab) AND ([article]/lim OR [article 
in press]/lim) AND [humans]/lim AND [english]/lim AND [1980-2019]/py 

#4 - (pregnan*:ti,ab OR 'pre pregnancy':ti,ab OR prenatal:ti,ab OR 'pre natal':ti,ab OR 
maternal:ti,ab OR mother:ti,ab OR mothers:ti,ab OR postpartum:ti,ab OR perinatal:ti,ab OR 
'peri natal':ti,ab OR 'pre conception':ti,ab OR preconception:ti,ab OR 'peri conception':ti,ab OR 
periconception:ti,ab OR peripartum:ti,ab OR 'peri partum':ti,ab OR gestation*:ti,ab OR 
natal:ti,ab OR antenatal:ti,ab OR 'ante natal':ti,ab OR puerperium:ti,ab OR 'pregnancy'/exp 
OR 'pregnancy complication'/exp OR 'prenatal exposure'/exp OR 'pregnant woman'/exp OR 
'mother'/exp OR 'puerperium'/exp OR 'perinatal period'/exp OR 'maternal nutrition'/exp) AND 
([article]/lim OR [article in press]/lim) AND [humans]/lim AND [english]/lim AND [1980-2019]/py 

#5 - ('breast feeding'/exp OR 'lactation'/exp OR lactation:ti,ab OR lactating:ti,ab OR 
breastfeeding:ti,ab OR 'breast feed':ti,ab OR breastfed:ti,ab OR 'breast fed':ti,ab OR 
breastfeed*:ti,ab) AND ([article]/lim OR [article in press]/lim) AND [humans]/lim AND 
[english]/lim AND [1980-2019]/py 

#6 - ('breast milk'/exp OR 'breast milk':ti,ab OR 'human milk':ti,ab OR 'mothers milk':ti,ab OR 
breastmilk:ti,ab OR 'human milk composition':ti,ab OR 'milk composition':ti,ab) AND 
([article]/lim OR [article in press]/lim) AND [humans]/lim AND [english]/lim AND [1980-2019]/py 

#7 - ('trace element'/exp OR 'iron'/exp OR 'anemia'/exp OR 'ferritin'/exp OR 
'cyanocobalamin'/exp OR 'vitamin b complex'/exp OR 'b12 deficiency'/exp OR 
'hemoglobin'/exp OR 'iron deficiency'/exp OR 'apoferritin'/exp OR 'mean corpuscular 
volume'/exp OR 'red blood cell distribution width'/exp OR 'cobalamin'/exp OR 'cobinamide'/exp 
OR 'hydroxocobalamin'/exp OR 'oxyhemoglobin'/exp OR micronutrient:ti,ab OR vitamin:ti,ab 
OR vitamins:ti,ab OR 'trace element':ti,ab OR 'trace elements':ti,ab OR iron:ti,ab OR 
anemia:ti,ab OR anemic:ti,ab OR 'iron deficiency anemia'/exp OR 'iron deficiency':ti,ab OR 
apoferritin:ti,ab OR ferritin:ti,ab OR ferritins:ti,ab OR ferrous:ti,ab OR transferrin:ti,ab OR 
transferrins:ti,ab OR 'vitamin b complex':ti,ab OR 'vitamin b 12':ti,ab OR cobamide:ti,ab OR 
cobalamin:ti,ab OR cyanocobalamin:ti,ab OR eritron:ti,ab OR hydroxocobalamin:ti,ab OR 
hemoglobin:ti,ab OR hemoglobins:ti,ab OR methemoglobin:ti,ab OR oxyhemoglobin:ti,ab OR 
oxyhemoglobins:ti,ab OR sulfhemoglobin:ti,ab OR 'mean corpuscular volume':ti,ab OR 
mcv:ti,ab OR 'red blood cell':ti,ab OR 'red blood cells':ti,ab OR rbc:ti,ab OR rbcs:ti,ab OR 
rdw:ti,ab OR 'red blood cell distribution width':ti,ab OR 'erythrocyte indices':ti,ab OR 
multimicronutrient:ti,ab OR multimicronutrients:ti,ab) AND ([article]/lim OR [article in 
press]/lim) AND [english]/lim AND [humans]/lim AND [1980-2019]/py 

#8 - #1 AND (#2 OR #3) 

#9 - #4 OR #5 

#10 - #6 OR #7 

#11 - #8 AND #9 AND #10 

#12 - #11 AND [article]/lim AND [humans]/lim AND [english]/lim AND [1980-2019]/py NOT 
([conference abstract]/lim OR [conference paper]/lim OR [editorial]/lim OR [erratum]/lim OR 
[letter]/lim OR [note]/lim OR [review]/lim OR [systematic review]/lim OR [meta analysis]/lim) 

 
Cumulative Index of Nursing and Allied Health Literature (CINAHL Plus)  

 Provider: EBSCOhost 

 Date(s) searched: June 18, 2019 
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 Date range searched: January 1, 1980 to June 14, 2019 

 Search terms: 

#1 - (MH "Folic Acid+" OR "folic acid*" OR folate* OR folacin*)   

#2 - (MH "Dietary Supplements+" OR “diet supplement*” OR “dietary supplement*” OR “food 
supplement*” OR “nutrition supplement*” OR “nutritional supplement*” OR “vitamin 
supplement*” OR multivitamin* OR “prenatal vitamin*” OR “maternal vitamin*”)  

#3 - ((MH "Food, Fortified" OR “fortified food*” OR “enriched food*” OR “enriching food*” OR 
“fortifying food*” OR “food fortification” OR "folic acid fortified" OR “folic acid fortified food”) ) 
OR ( (MH "Food+" OR food OR foods) N6 (fortification OR fortified OR fortify OR fortifies OR 
fortifying OR enrich*)) )   

#4 - (MH "Pregnancy+" OR MH "Pregnancy Complications+" OR MH "Prenatal Exposure 
Delayed Effects" OR MH "Maternal Exposure" OR MH "Expectant Mothers" OR pregnan* OR 
pre-pregnancy OR prenatal OR pre-natal OR maternal OR mother OR mothers OR MH 
"Mothers" OR postpartum OR perinatal OR peri-natal OR pre-conception OR preconception 
OR peri-conception OR periconception OR peripartum OR peri-partum OR gestation* OR 
natal OR antenatal OR ante-natal OR puerperium OR MH "Maternal Nutritional Physiology")   

#5 - (MH "Lactation" OR lactation OR lactating OR MH "Breast Feeding" OR breastfeeding 
OR “breast feed*” OR breast-feed* OR breastfed OR breast-fed OR breastfeed*)  

#6 - (MH "Milk, Human" OR "breast milk" OR breast-milk OR "human milk" OR "mother's milk" 
OR "mothers milk" OR breastmilk OR “human milk composition” OR "milk composition")   

#7 - (MH "Micronutrients" OR micronutrient* OR vitamin* OR vitamins OR “trace element*” OR 
MH "Iron" OR iron OR MH "Anemia" OR anemia OR anemic OR “iron deficien*” OR 
apoferritin* OR MH "Ferritin" OR ferritin* OR ferrous OR transferrin OR MH "Vitamin B 
Complex" OR “vitamin B complex” OR "Vitamin B 12" OR "Vitamin B12" OR MH "Vitamin B12 
Deficiency" OR Cobamide* OR Cobalamin* OR Cyanocobalamin OR eritron OR 
hydroxocobalamin OR hemoglobin* OR MH "Hemoglobins" OR methemoglobin OR 
oxyhemoglobin* OR sulfhemoglobin* OR “mean corpuscular volume” OR mcv OR “red blood 
cell*” OR rbc OR rbcs OR rdw or “red blood cell distribution width” OR “erythrocyte indices” 
OR multimicronutrient*  

#8 - #1 AND (#2 OR #3) 

#9 - #4 OR #5 

#10 - #6 OR #7 

#11 - #8 AND #9 AND #10 

#12 - #11 NOT (( MH "Literature Review" OR MH "Meta Analysis" OR MH "Systematic 
Review" OR MH "News" OR MH "Retracted Publication" OR MH "Retraction of Publication ) )  

Filters: English Language, Human, Published Date: 20000101 - 20190614 

 

Gestational diabetes and Hypertensive disorders of pregnancy 

PubMed  

 Provider: U.S. National Library of Medicine 

 Date(s) searched: July 12, 2019 

 Date ranged searched: January 1, 1980 to July 12, 2019 

 Search terms: 
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#1 - "Folic Acid"[mh] OR folic acid* OR folate* OR folacin* OR folic acid deficiency[mh] 

#2 - "Food, Fortified"[Mesh] OR ((food[mh] OR food[tiab] OR foods[tiab]) AND 
(fortification[tiab] OR fortified[tiab] OR fortify[tiab] OR fortifies[tiab] OR fortifying[tiab] OR 
enrich*[tiab] OR supplement*[tiab])) OR fortified food* OR enriched food* OR enriching food* 
OR fortifying food* OR food fortification[tiab] OR "folic acid fortified"[tiab] OR folic acid fortified 
food* OR Dietary supplements[mh] OR diet supplement* OR dietary supplement* OR food 
supplement* OR nutrition supplement* OR nutritional supplement* OR vitamin 
supplement*[tiab] OR multivitamin*[tiab] OR prenatal vitamin*[tiab] OR maternal vitamin*[tiab] 
OR vitamins[mh] 

#3 - "Pregnancy"[Mesh] OR “Pregnancy Complications”[Mesh] OR “Prenatal Exposure 
Delayed Effects”[Mesh] OR “Maternal Exposure”[Mesh] OR “pregnant women”[Mesh] OR 
pregnan*[tiab] OR pre-pregnancy[tiab] OR prenatal[tiab] OR pre-natal[tiab] OR maternal[tiab] 
OR mother[tiab] OR mothers[tiab] OR “Mothers”[Mesh] OR postpartum[tiab] OR perinatal[tiab] 
OR peri-natal[tiab] OR pre-conception[tiab] OR preconception[tiab] OR peri-conception[tiab] 
OR periconception[tiab] OR "Peripartum Period"[Mesh] OR peripartum[tiab] OR peri-
partum[tiab] OR gestation*[tiab] OR natal[tiab] OR antenatal[tiab] OR ante-natal[tiab] OR 
puerperium[tiab] OR "Maternal Nutritional Physiological Phenomena"[Mesh] OR "Postpartum 
Period"[Mesh] OR postpartum[tiab] OR post‐partum[tiab] OR perinatal OR peri-natal OR 
puerperium[tiab] OR postpartal OR post‐partal OR postnatal OR post delivery[tiab] OR after 
birth[tiab] 

#4 -  “Diabetes, Gestational"[Mesh] OR (gestation*[tiab] AND (diabete*[tiab] OR diabetic*[tiab] 
OR pre-diabet*[tiab] OR prediabet*[tiab] OR blood sugar*[tiab] OR blood glucose[mh])) OR 
“fasting glucose”[tiab] OR “impaired fasting”[tiab] OR “fasting blood glucose”[tiab] OR 
“hemoglobin A1C”[tiab] OR “ haemoglobin A1c” OR hba1c[tiab] OR “hba 1c”[tiab]OR glycated 
hemoglobin A[mh] OR glucose toleran* OR glucose intoleran*[tiab] OR glucose 
intolerance[mh] OR insulin resistance[mh] OR insulin resistan*[tiab] OR dysglycemi*[tiab] OR 
prediabetic state[mh] OR prediabet*[tiab] OR hyperglycemia[mh] OR hyperglycemi*[tiab] OR 
hyperinsulinism[mh] OR hyperinsulin*[tiab] OR diabet*[tiab] OR diabetes mellitus[mh:noexp] 
OR blood sugar*[tiab] OR hypertensi*[tiab] OR "Hypertension"[Mesh:NoExp] OR 
hypertension, pregnancy induced[mh] OR pregnancy induced hypertens*[tiab] OR 
"Proteinuria"[Mesh:noexp] OR proteinuri*[tiab] OR albuminuria[mh] OR Albuminuria[tiab] OR 
"Blood Pressure"[mh] OR “blood pressure”[tiab] OR systolic pressure*[tiab] OR diastolic 
pressure*[tiab] OR eclampsia*[tiab] OR pre-eclampsia[tiab] OR preeclampsia[tiab] OR pre-
eclamptic[tiab] OR preeclamptic[tiab] OR eclamptic[tiab] 

#5 - #1 AND #2 

#6 - #5 AND #3 

#7 - #6 AND #4 

#8 - #7 NOT ("Animals"[Mesh] NOT ("Animals"[Mesh] AND "Humans"[Mesh])) NOT 
(editorial[ptyp] OR comment[ptyp] OR news[ptyp] OR letter[ptyp] OR review[ptyp] OR 
systematic review[ptyp] OR systematic review[ti] OR meta-analysis[ptyp] OR meta-analysis[ti] 
OR meta-analyses[ti] OR retracted publication[ptyp] OR retraction of publication[ptyp] OR 
retraction of publication[tiab] OR retraction notice[ti])  

Filters: Publication date from 1980/01/01 to 2019/07/12; English 
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Cochrane Central Register of Controlled Trials (CENTRAL)  

 Provider: John Wiley & Sons 

 Date(s) searched: July 12, 2019 

 Date ranged searched: January 1, 1980 to July 12, 2019 

 Search terms: 

#1 - [mh “Folic Acid"] OR “folic acid” OR “folic acids” OR folate OR folates OR folacin OR 
folacins OR [mh “folic acid deficiency”]  

#2 - [mh "Food, Fortified"] OR (([mh food] OR food OR foods) AND (fortification OR fortified 
OR fortify OR fortifies OR fortifying OR enrich* OR supplement*)) OR “fortified food” OR 
“fortified foods” OR “enriched food” OR “enriched foods” OR “enriching food” OR “enriching 
foods” OR “fortifying food” OR “fortifying foods” OR “food fortification” OR "folic acid fortified"  

#3 - [mh “Dietary supplements”] OR diet supplement* OR dietary supplement* OR food 
supplement* OR nutrition supplement* OR nutritional supplement* OR vitamin 
supplement*[tiab] OR multivitamin*[tiab] OR prenatal vitamin*[tiab] OR maternal vitamin*[tiab] 

 #4 - [mh "Pregnancy"] OR [mh "Pregnancy Complications"] OR [mh "Prenatal Exposure 
Delayed Effects"] OR [mh "Maternal Exposure"] OR [mh "Pregnant Women"] OR [mh 
"Mothers"] OR [mh "Peripartum Period"] OR [mh "Maternal Nutritional Physiological 
Phenomena"] OR [mh "Postpartum Period"] OR (pregnancy OR pre-pregnancy OR prenatal 
OR pre-natal OR maternal OR mother OR mothers OR postpartum OR perinatal OR peri-natal 
OR pre-conception OR preconception OR peri-conception OR periconception OR peripartum 
OR peri-partum OR gestation* OR natal OR antenatal OR ante-natal OR puerperium OR 
postpartum OR post‐partum OR perinatal OR peri-natal OR puerperium OR postpartal OR 
post‐partal OR postnatal OR “post delivery” OR “after birth”):ti,ab,kw 

#5 - [mh "Diabetes, Gestational"] OR (gestation*NEAR/4 (diabete* OR diabetic* OR pre-
diabet*OR prediabet* OR “blood sugar” OR “blood glucose” OR [mh “blood glucose”])) OR 
“fasting glucose”  OR “impaired fasting” OR “fasting blood glucose”  OR “hemoglobin A1C”  
OR “ haemoglobin A1c” OR hba1c OR “hba 1c” OR [mh “glycated hemoglobin A”] OR 
“glucose toleran*” OR “glucose intoleran*” OR  [mh “glucose intolerance”] OR [mh “insulin 
resistance] OR “insulin resistan*” OR dysglycemi* OR [mh “prediabetic state”] OR prediabet* 
OR [mh “hyperglycemia”] OR hyperglycemi* OR [mh “hyperinsulinism”] OR hyperinsulin* OR 
diabet*  OR “blood sugar*” OR Hypertension OR hypertensive  OR [mh "Hypertension"]  OR 
[mh “hypertension, pregnancy induced”]  OR “pregnancy induced hypertension”  OR 
[mh"Proteinuria"] OR proteinuri* OR [mh “albuminuria”] OR  Albuminuria OR [mh "Blood 
Pressure"] OR “blood pressure” OR “systolic pressure”  OR “diastolic pressure” OR 
eclampsia* OR pre-eclampsia OR preeclampsia OR pre-eclamptic OR preeclamptic OR 
eclamptic OR [mh “eclampsia”]  

#6 - #1 AND (#2 OR #3) 

#7 - #6 AND #4 

#8 - #7 AND #5 

Filters: publication year from 2000 to 2019, Trials 

 

Embase   

 Provider: Elsevier 

 Date(s) searched: July 12, 2019 
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 Date ranged searched: January 1, 1980 to July 12, 2019 

 Search terms: 

#1 - ('folic acid'/exp OR 'folic acid*':ti,ab OR folate*:ti,ab OR folacin*:ti,ab OR 'folic acid 
deficiency'/de) AND ([article]/lim OR [article in press]/lim) AND [humans]/lim AND 
[english]/lim AND [1980-2019]/py 

 #2 - ('diet supplementation'/exp OR 'dietary supplement'/exp OR 'diet supplement*':ti,ab OR 
'dietary supplement*':ti,ab OR 'food supplement*':ti,ab OR 'nutrition supplement*':ti,ab OR 
'nutritional supplement*':ti,ab OR 'vitamin supplement*':ti,ab OR multivitamin*:ti,ab OR 
'prenatal vitamin*':ti,ab OR 'maternal vitamin*':ti,ab OR 'fortified food'/exp OR (('food'/exp OR 
foods:ti,ab OR food:ti,ab) AND (fortification:ti,ab OR fortified:ti,ab OR fortify:ti,ab OR 
fortifies:ti,ab OR fortifying:ti,ab OR enrich*:ti,ab)) OR 'fortified food*':ti,ab OR 'enriched 
food*':ti,ab OR 'enriching food*':ti,ab OR 'fortifying food*':ti,ab OR 'food fortification':ti,ab OR 
'folic acid fortified':ti,ab) AND ([article]/lim OR [article in press]/lim) AND [humans]/lim AND 
[english]/lim AND [1980-2019]/py 

 #3 - (pregnancy:ab,ti OR 'pre pregnancy':ab,ti OR prenatal:ab,ti OR 'pre natal':ab,ti 
OR maternal:ab,ti OR mother:ab,ti OR mothers:ab,ti OR 'pre conception':ab,ti 
OR preconception:ab,ti OR 'peri conception':ab,ti OR periconception:ab,ti 
OR peripartum:ab,ti OR 'peri partum':ab,ti OR gestation*:ab,ti OR natal:ab,ti 
OR antenatal:ab,ti OR 'ante natal':ab,ti OR postpartum:ab,ti OR post‐partum:ab,ti 
OR perinatal:ab,ti OR 'peri natal':ab,ti OR puerperium:ab,ti OR postpartal:ab,ti OR post‐
partal:ab,ti OR postnatal:ab,ti OR 'post delivery':ab,ti OR 'after birth':ab,ti 
OR 'pregnancy'/exp/mj OR 'pregnancy complication'/exp/mj OR 'prenatal exposure'/mj 
OR 'maternal exposure'/mj OR 'pregnant woman'/mj OR 'mother'/mj OR 'puerperium'/exp/mj 
OR 'maternal nutrition'/mj) AND ([article]/lim OR [article in press]/lim) AND [humans]/lim 
AND [english]/lim AND [1980-2019]/py 

#4 -  ((('maternal diabetes mellitus':ti,ab OR (gestation*:ti,ab AND ((diabete*:ti,ab 
OR diabetic*:ti,ab OR 'pre diabet*':ti,ab OR prediabet*:ti,ab OR blood) AND sugar*:ti,ab 
OR 'glucose blood level'/exp)) OR 'fasting glucose':ti,ab OR 'impaired fasting':ti,ab 
OR 'fasting blood glucose':ti,ab OR 'hemoglobin a1c':ti,ab OR haemoglobin) AND a1c:ti,ab 
OR hb) AND alc:ti,ab OR hba1c:ti,ab OR 'glucose toleran*':ti,ab OR 'glucose intoleran*':ti,ab 
OR 'insulin resistan*':ti,ab OR dysglycemi*:ti,ab OR prediabet*:ti,ab OR hyperglycemi*:ti,ab 
OR hyperglycaemi*:ti,ab OR hyperinsulin*:ti,ab OR diabet*:ti,ab OR 'blood sugar*':ti,ab 
OR 'diabetes mellitus gravidarum':ti,ab OR 'pregnancy diabetes mellitus'/exp 
OR 'hemoglobin a1c'/exp OR 'glucose intolerance'/exp OR 'insulin resistance'/exp 
OR 'impaired glucose tolerance'/exp OR 'hyperglycemia'/exp OR 'hyperinsulinism'/de 
OR 'hyperinsulinemia'/de OR 'diabetes mellitus'/de OR hypertensi*:ti,ab OR 'pregnancy 
induced hypertens*':ti,ab OR proteinuri*:ti,ab OR albuminuria:ti,ab OR 'blood pressure':ti,ab 
OR 'systolic pressure*':ti,ab OR 'diastolic pressure*':ti,ab OR eclampsia*:ti,ab OR 'pre 
eclampsia':ti,ab OR preeclampsia:ti,ab OR 'pre eclamptic':ti,ab OR preeclamptic:ti,ab 
OR eclamptic:ti,ab OR 'hypertension'/de OR 'prehypertension'/de OR 'maternal 
hypertension'/exp OR 'elevated blood pressure'/de OR 'proteinuria'/exp OR 'eclampsia and 
preeclampsia'/exp OR 'pregnancy toxemia'/de OR 'pregnancy toxemia*':ti,ab OR 'pregnancy 
toxaemia*':ti,ab OR 'toxicosis gravidarum':ti,ab OR 
(((pregnancy OR eclampt* OR eclamps* OR gestation* OR gravidarum) NEAR/4 
(toxem* OR toxaem*)):ti,ab)) AND ([article]/lim OR [article in press]/lim) AND [humans]/lim 
AND [english]/lim AND [1980-2019]/py 

#5 - #1 AND #2 
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#6 - #5 AND #3 

#7 - #6 AND #4 

#8 - #7 AND ([article]/lim OR [article in press]/lim) AND [humans]/lim AND [english]/lim AND 
[1980-2019]/py NOT ([conference abstract]/lim OR [conference paper]/lim OR [editorial]/lim 
OR [erratum]/lim OR [letter]/lim OR [note]/lim OR [review]/lim OR [systematic review]/lim OR 
[meta analysis]/lim) 

 
Cumulative Index of Nursing and Allied Health Literature (CINAHL Plus)  

 Provider: EBSCOhost 

 Date(s) searched: July 12, 2019 

 Date ranged searched: January 1, 1980 to July 12, 2019 

 Search terms: 

#1 - (MH "folic acid") OR “folic acid” OR “folic acids” OR folate OR folates OR folacin OR 
folacins OR (MH "Folic Acid Deficiency") 

#2 - ( (MH "Food, Fortified" OR “fortified food*” OR “enriched food*” OR “enriching food*” OR 
“fortifying food*” OR “food fortification” OR "folic acid fortified" OR “folic acid fortified food”) ) 
OR ( (MH "Food+" OR food OR foods) N6 (fortification OR fortified OR fortify OR fortifies OR 
fortifying OR enrich* OR supplement*))   

#3 - (MH "Dietary Supplements+" OR “diet supplement*” OR “dietary supplement*” OR “food 
supplement*” OR “nutrition supplement*” OR “nutritional supplement*” OR “vitamin 
supplement*” OR multivitamin* OR “prenatal vitamin*” OR “maternal vitamin*” OR (MH 
“vitamins”) 

#4 - pregnancy OR pre-pregnancy OR prenatal OR pre-natal OR maternal OR mother OR 
mothers OR postpartum OR perinatal OR peri-natal OR pre-conception OR preconception OR 
peri-conception OR periconception OR peripartum OR peri-partum OR gestation* OR natal 
OR antenatal OR ante-natal OR puerperium OR postpartum OR post‐partum OR perinatal OR 
peri-natal OR puerperium OR postpartal OR post‐partal OR postnatal OR “post delivery” OR 
“after birth” OR  (MH "Pregnancy+") OR (MH "Pregnancy Complications") OR (MH "Prenatal 
Exposure Delayed Effects") OR (MH "Maternal Exposure") OR (MH "Expectant Mothers") OR 
(MH "Mothers") OR (MH "Puerperium") OR (MH "Maternal Nutritional Physiology") OR (MH 
"Postnatal Period") 

 #5 - (MH "Diabetes Mellitus, Gestational")OR (MH "Hemoglobin A, Glycosylated") OR (MH 
"Glucose Intolerance") OR (MH "Insulin Resistance") OR (MH "Prediabetic State") OR (MH 
"Hyperglycemia") OR "hyperglycemia" OR (MH "Hyperinsulinism") OR (MH 
"Hyperinsulinemia") OR  (MH "Hypertension") OR (MH "Proteinuria") OR (MH "Albuminuria") 
OR (MH "Blood Pressure") OR (MH "Eclampsia") OR (MH "Pre-Eclampsia") OR (MH "HELLP 
Syndrome")OR (gestation* N5 (diabete* OR diabetic* OR pre-diabet* OR prediabet* OR 
“blood sugar”  OR (MH "Blood Glucose")  )) OR “fasting glucose” OR “impaired fasting” OR 
“fasting blood glucose” OR “hemoglobin A1C” OR “haemoglobin A1c” OR hbalc OR hba1c OR 
“glucose intoleran*” OR “glucose toleran*” OR “insulin resistance” OR dysglycemic  OR 
dysglycemia OR “prediabetic state” OR prediabet* OR hyperglycemia OR hyperinsulin* OR 
diabet* OR “blood sugar” OR “blood sugars” OR hypertensi* OR “pregnancy induced 
hypertension”  OR proteinuria OR  Albuminuria OR “blood pressure” OR “systolic pressure*” 
OR “diastolic pressure*” OR eclampsia* OR pre-eclampsia OR preeclampsia OR pre-
eclamptic  OR  preeclamptic  OR eclamptic 
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#6 - #1 AND (#2 OR #3) 

#7 - #6 AND #4 

#8 - #7 AND #5 

#9 - #8 NOT (MH "Literature Review" OR MH "Meta Analysis" OR MH "Systematic Review" 
OR MH "News" OR MH "Retracted Publication" OR MH "Retraction of Publication”)   
Filters: English Language, Human, Published Date: 20000101 - 20190712  

 

Developmental milestones, including neurocognitive development 

PubMed  

 Provider: U.S. National Library of Medicine 

 Date(s) searched: July 3, 2019 

 Date ranged searched: January 1, 1980 to July 3, 2019 

 Search terms: 

#1 - "Folic Acid"[mh] OR folic acid* OR folate* OR folacin* OR folic acid deficiency[mh] 

#2 - "Food, Fortified"[Mesh] OR ((food[mh] OR food[tiab] OR foods[tiab]) AND 
(fortification[tiab] OR fortified[tiab] OR fortify[tiab] OR fortifies[tiab] OR fortifying[tiab] OR 
enrich*[tiab] OR supplement*[tiab])) OR fortified food* OR enriched food* OR enriching food* 
OR fortifying food* OR food fortification[tiab] OR "folic acid fortified"[tiab] OR folic acid fortified 
food* OR Dietary supplements[mh] OR diet supplement* OR dietary supplement* OR food 
supplement* OR nutrition supplement* OR nutritional supplement* OR vitamin 
supplement*[tiab] OR multivitamin*[tiab] OR prenatal vitamin*[tiab] OR maternal vitamin*[tiab] 
OR vitamins[mh] 

#3 - ("Pregnancy"[Mesh] OR “Pregnancy Complications”[Mesh] OR “Prenatal Exposure 
Delayed Effects”[Mesh] OR “Maternal Exposure”[Mesh] OR “pregnant women”[Mesh] OR 
pregnan*[tiab] OR pre-pregnancy[tiab] OR prenatal[tiab] OR pre-natal[tiab] OR maternal[tiab] 
OR mother[tiab] OR mothers[tiab] OR “Mothers”[Mesh] OR postpartum[tiab] OR perinatal[tiab] 
OR peri-natal[tiab] OR pre-conception[tiab] OR preconception[tiab] OR peri-conception[tiab] 
OR periconception[tiab] OR "Peripartum Period"[Mesh] OR peripartum[tiab] OR peri-
partum[tiab] OR gestation*[tiab] OR natal[tiab] OR antenatal[tiab] OR ante-natal[tiab] OR 
puerperium[tiab] OR "Maternal Nutritional Physiological Phenomena"[Mesh] OR "Postpartum 
Period"[Mesh] OR postpartum[tiab] OR post‐partum[tiab] OR perinatal OR peri-natal OR 

puerperium[tiab] OR postpartal OR post‐partal OR postnatal OR post delivery[tiab] OR after 
birth[tiab] OR "Lactation"[Mesh] OR lactation[tiab] OR lactating[tiab] OR "Breast 
Feeding"[Mesh] OR breastfeeding[tiab] OR breast‐feeding[tiab] OR breast feed* OR breast-
feed*[tiab] OR breastfed[tiab] OR breast-fed[tiab] OR breastfeed* OR "Milk, Human"[Mesh] 
OR human milk[tiab] OR nursing women[tiab])) 

#4 - "Mental Disorders"[Mesh] OR mental disorder*[tiab] OR "Cognition"[Mesh] OR 
cognition[tiab] OR cognitive[tiab] OR metacognition[tiab] OR neurocognitive[tiab] OR 
neurodevelop*[tiab] OR neurological[tiab] OR "Cognitive Dysfunction"[Mesh] OR "Depressive 
Disorder"[Mesh] OR "Depression"[Mesh] OR depression[tiab] OR "Psychomotor 
Performance"[Mesh] OR motor skill*[tiab] OR "Executive Function"[Mesh] OR executive 
function* OR "Attention Deficit and Disruptive Behavior Disorders"[Mesh] OR attention deficit 
disorder*[tiab] OR ADHD[tiab] OR "Child Behavior Disorders"[Mesh] OR developmental 
disorder*[tiab] OR "Autism Spectrum Disorder"[Mesh] OR Autism[tiab] OR Asperger[tiab] OR 
language processing[tiab] OR language delay* OR "Child Development"[Mesh] OR child 
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develop*[tiab] OR "Developmental Disabilities"[Mesh] OR developmental delay[tiab] OR 
developmental disabilit*[tiab] OR "Motor Skills Disorders"[Mesh] OR motor skill*[tiab] OR 
"Problem Solving"[Mesh] OR developmental domain* OR academic performance[tiab] OR 
academic achievement[tiab] OR academic failure[tiab] OR academic success*[tiab] OR 
Growth[mh:noexp] OR "Growth Charts"[Mesh]  OR "growth and development" [Subheading] 
OR "growth and development"[tiab] OR "Growth and Development"[Mesh:noexp] OR 
"Growth"[tiab] OR development*[tiab] OR "Child Development"[Mesh] OR movement[mh] OR 
"Motor Skills"[Mesh] OR "Nonverbal Communication"[Mesh] OR Standing[tiab] OR sitting[tiab] 
OR walking[tiab] OR crawling[tiab] OR Ages and Stages Questionnaire* OR ASQ[tiab] OR 
developmental delay[mh]  OR “bayley scales”[tiab] OR verbal behavior[mh] OR talk*[tiab] 

#5 - #1 AND #2 

#6 - #5 AND #3 

#7 - #6 AND #4 

#8 - #7 NOT ("Animals"[Mesh] NOT ("Animals"[Mesh] AND "Humans"[Mesh])) NOT 
(editorial[ptyp] OR comment[ptyp] OR news[ptyp] OR letter[ptyp] OR review[ptyp] OR 
systematic review[ptyp] OR systematic review[ti] OR meta-analysis[ptyp] OR meta-analysis[ti] 
OR meta-analyses[ti] OR retracted publication[ptyp] OR retraction of publication[ptyp] OR 
retraction of publication[tiab] OR retraction notice[ti]) Filters: Publication date from 1980/01/01 
to 2019/07/03; English 

 
Cochrane Central Register of Controlled Trials (CENTRAL) 

 Provider: John Wiley & Sons 

 Date(s) searched: July 3, 2019 

 Date ranged searched: January 1, 1980 to July 3, 2019 

 Search terms: 

#1 - [mh “Folic Acid"] OR “folic acid” OR “folic acids” OR folate OR folates OR folacin OR 
folacins OR [mh “folic acid deficiency”]  

#2 - [mh "Food, Fortified"] OR (([mh food] OR food OR foods) AND (fortification OR fortified 
OR fortify OR fortifies OR fortifying OR enrich* OR supplement*)) OR “fortified food” OR 
“fortified foods” OR “enriched food” OR “enriched foods” OR “enriching food” OR “enriching 
foods” OR “fortifying food” OR “fortifying foods” OR “food fortification” OR "folic acid fortified"  
OR [mh “Dietary supplements”] OR diet supplement* OR dietary supplement* OR food 
supplement* OR nutrition supplement* OR nutritional supplement* OR vitamin 
supplement*[tiab] OR multivitamin*[tiab] OR prenatal vitamin*[tiab] OR maternal vitamin*[tiab] 

#3 -  [mh "Pregnancy"] OR [mh "Pregnancy Complications"] OR [mh "Prenatal Exposure 
Delayed Effects"] OR [mh "Maternal Exposure"] OR [mh "Pregnant Women"] OR [mh 
"Mothers"] OR [mh "Peripartum Period"] OR [mh "Maternal Nutritional Physiological 
Phenomena"] OR [mh "Postpartum Period"] OR [mh Lactation] OR [mh "Breast Feeding"] OR 
[mh "Milk, Human"] OR (pregnancy OR pre-pregnancy OR prenatal OR pre-natal OR maternal 
OR mother OR mothers OR postpartum OR perinatal OR peri-natal OR pre-conception OR 
preconception OR peri-conception OR periconception OR peripartum OR peri-partum OR 
gestation* OR natal OR antenatal OR ante-natal OR puerperium OR postpartum OR post‐
partum OR perinatal OR peri-natal OR puerperium OR postpartal OR post‐partal OR postnatal 
OR “post delivery” OR “after birth” OR lactation OR lactating OR breastfeeding OR breast‐
feeding OR breast feed* OR breast-feed* OR breastfed OR breast-fed OR breastfeed OR 



 

  155  

“human milk” OR “nursing women”):ti,ab,kw 

#4 -  [mh ^Growth] OR [mh "Child Development"] OR [mh "Growth Charts"]  OR "growth and 
development" OR [mh ^"Growth and Development"] OR [mh "Child Development"] OR (child 
NEAR/1 develop*):ti,ab OR [mh movement]  OR [mh "Motor Skills"] OR [mh "Nonverbal 
Communication"]  OR "Bayley Scales of Infant Development" OR Standing OR stands OR sits 
OR sitting OR walk OR walking OR crawling  OR crawl OR “Ages and Stages Questionnaire” 
OR ASQ OR [mh "Mental Disorders"] OR [mh Cognition] OR [mh "Cognitive Dysfunction"] OR 
[mh "Depressive Disorder"] OR [mh Depression] OR [mh "Psychomotor Performance"] OR 
[mh "Executive Function"] OR [mh "Attention Deficit and Disruptive Behavior Disorders"] OR 
[mh "Child Behavior Disorders"] OR [mh "Autism Spectrum Disorder"] OR [mh "Child 
Development"] OR [mh "Developmental Disabilities"] OR [mh "Motor Skills Disorders"] OR [mh 
"Problem Solving"] OR (“mental disorder*” OR cognition OR cognitive OR metacognition OR 
neurocognitive OR neurodevelop* OR neurological OR depression OR anxiety OR motor skill* 
OR “attention deficit disorder*” OR ADHD OR “developmental disorder*” OR Autism OR 
Asperger OR “language processing” OR “language delay*” OR “child develop*” OR 
“developmental delay” OR “developmental disabilit*” OR “motor skill*” OR “developmental 
domain*” OR “academic performance” OR “academic achievement” OR “academic failure” OR 
“academic success*”):ti,ab,kw 

#5 - #1 AND #2 

#6 - #5 AND #3 

#7 - #6 AND #4 

Filters: publication year from 2000 to 2019, Trials 

 

Embase  

 Provider: Elsevier 

 Date(s) searched: July 3, 2019 

 Date ranged searched: January 1, 1980 to July 3, 2019 

 Search terms: 

#1 - ('folic acid'/exp OR 'folic acid*':ti,ab OR folate*:ti,ab OR folacin*:ti,ab OR 'folic acid 
deficiency'/de)  

#2 - ('diet supplementation'/exp OR 'dietary supplement'/exp OR 'diet supplement*':ti,ab OR 
'dietary supplement*':ti,ab OR 'food supplement*':ti,ab OR 'nutrition supplement*':ti,ab OR 
'nutritional supplement*':ti,ab OR 'vitamin supplement*':ti,ab OR multivitamin*:ti,ab OR 
'prenatal vitamin*':ti,ab OR 'maternal vitamin*':ti,ab) OR ('fortified food'/exp OR (('food'/exp OR 
foods:ti,ab OR food:ti,ab) AND (fortification:ti,ab OR fortified:ti,ab OR fortify:ti,ab OR 
fortifies:ti,ab OR fortifying:ti,ab OR enrich*:ti,ab)) OR 'fortified food*':ti,ab OR 'enriched 
food*':ti,ab OR 'enriching food*':ti,ab OR 'fortifying food*':ti,ab OR 'food fortification':ti,ab OR 
'folic acid fortified':ti,ab) 

#3 - pregnancy:ab,ti OR 'pre pregnancy':ab,ti OR prenatal:ab,ti OR 'pre natal':ab,ti OR 
maternal:ab,ti OR mother:ab,ti OR mothers:ab,ti OR 'pre conception':ab,ti OR 
preconception:ab,ti OR 'peri conception':ab,ti OR periconception:ab,ti OR peripartum:ab,ti OR 
'peri partum':ab,ti OR gestation*:ab,ti OR natal:ab,ti OR antenatal:ab,ti OR 'ante natal':ab,ti 
OR postpartum:ab,ti OR post‐partum:ab,ti OR perinatal:ab,ti OR 'peri natal':ab,ti OR 

puerperium:ab,ti OR postpartal:ab,ti OR post‐partal:ab,ti OR postnatal:ab,ti OR 'post 
delivery':ab,ti OR 'after birth':ab,ti OR lactation:ab,ti OR lactating:ab,ti OR breastfeeding:ab,ti 
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OR breast‐feeding:ab,ti OR 'breast feed*':ab,ti OR breastfed:ab,ti OR 'breast fed':ab,ti OR 
breastfeed:ab,ti OR 'human milk':ab,ti OR 'nursing women':ab,ti OR 'pregnancy'/exp/mj OR 
'pregnancy complication'/exp/mj OR 'prenatal exposure'/mj OR 'maternal exposure'/mj OR 
'pregnant woman'/mj OR 'mother'/mj OR 'puerperium'/exp/mj OR 'maternal nutrition'/mj OR 
'lactation'/mj OR 'breast feeding'/exp/mj OR 'breast milk'/exp/mj 

#4 - 'mental disorder*':ab,ti OR cognition:ab,ti OR cognitive:ab,ti OR metacognition:ab,ti OR 
neurocognitive:ab,ti OR neurodevelop*:ab,ti OR neurological:ab,ti OR depression:ab,ti OR 
'motor skill*':ab,ti OR 'executive function':ab,ti OR 'attention deficit disorder':ab,ti OR 
adhd:ab,ti OR 'developmental disorder':ab,ti OR 'language processing':ab,ti OR 'language 
delay*':ab,ti OR 'child develop*':ab,ti OR autism:ab,ti OR asperger:ab,ti OR 'developmental 
delay':ab,ti OR 'developmental disabilit*or developmental domain*':ab,ti OR 'academic 
performance':ab,ti OR 'academic achievement':ab,ti OR 'academic failure':ab,ti OR 'academic 
success*':ab,ti OR 'mental disease'/exp OR 'cognition'/exp OR 'cognitive defect'/exp OR 
'depression'/exp OR 'anxiety'/exp OR 'psychomotor performance'/exp OR 'executive 
function'/exp OR 'attention deficit disorder'/exp OR 'behavior disorder'/exp OR 'autism'/exp OR 
'child development'/exp OR 'developmental disorder'/exp OR 'psychomotor disorder'/exp OR 
'problem solving'/exp OR growth and development:ti,ab OR growth:ti,ab OR develop*:ti,ab OR 
‘child develop*’:ti,ab OR standing:ti,ab OR sitting:ti,ab OR walking:ti,ab OR crawling:ti,ab OR 
crawl:ti,ab OR asq:ti,ab OR ‘ages and stages questionnaire’:ti,ab OR child develop*:ti,ab OR 
motor develop*:ti,ab OR ‘motor skill*’:ti,ab OR ‘motor function’:ti,ab OR ‘motor ability’:ti,ab OR 
‘motor performance’:ti,ab OR ‘postnatal development’:ti,ab OR ‘Ages and Stages 
Questionnaire’*:ti,ab OR ASQ:ti,ab OR ‘bayley scale*’:ti,ab OR talk*:ti,ab]OR 'postnatal 
growth'/exp OR ‘human development’/exp OR 'postnatal development'/exp OR 'motor 
performance'/exp OR 'nonverbal communication'/exp OR 'verbal behavior'/exp OR 
'standing'/exp OR 'sitting'/exp OR 'walking'/exp OR 'crawling'/exp OR 'growth chart'/exp 

#5 - #1 AND #2 

#6 - #5 AND #3 

#7 - #6 AND #4 

#8 - #7 AND ([article]/lim OR [article in press]/lim) AND [humans]/lim AND [english]/lim AND 
[2000-2019]/py NOT ([conference abstract]/lim OR [conference paper]/lim OR [editorial]/lim 
OR [erratum]/lim OR [letter]/lim OR [note]/lim OR [review]/lim OR [systematic review]/lim OR 
[meta analysis]/lim) 

 
Cumulative Index of Nursing and Allied Health Literature (CINAHL Plus)  

 Provider: EBSCOhost 

 Date(s) searched: July 3, 2019 

 Date ranged searched: January 1, 1980 to July 3, 2019 

 Search terms: 

#1 - (MH "folic acid") OR “folic acid” OR “folic acids” OR folate OR folates OR folacin OR 
folacins OR (MH "Folic Acid Deficiency") 

#2 - ( (MH "Food, Fortified" OR “fortified food*” OR “enriched food*” OR “enriching food*” OR 
“fortifying food*” OR “food fortification” OR "folic acid fortified" OR “folic acid fortified food”) ) 
OR ( (MH "Food+" OR food OR foods) N6 (fortification OR fortified OR fortify OR fortifies OR 
fortifying OR enrich* OR supplement*)) OR (MH "Dietary Supplements+" OR “diet 
supplement*” OR “dietary supplement*” OR “food supplement*” OR “nutrition supplement*” 
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OR “nutritional supplement*” OR “vitamin supplement*” OR multivitamin* OR “prenatal 
vitamin*” OR “maternal vitamin*” OR (MH “vitamins”) 

#3 - pregnancy OR pre-pregnancy OR prenatal OR pre-natal OR maternal OR mother OR 
mothers OR postpartum OR perinatal OR peri-natal OR pre-conception OR preconception OR 
peri-conception OR periconception OR peripartum OR peri-partum OR gestation* OR natal 
OR antenatal OR ante-natal OR puerperium OR postpartum OR post‐partum OR perinatal OR 
peri-natal OR puerperium OR postpartal OR post‐partal OR postnatal OR “post delivery” OR 

“after birth” OR lactation OR lactating OR breastfeeding OR breast‐feeding OR breast feed* 
OR breast-feed* OR breastfed OR breast-fed OR breastfeed OR “human milk” OR “nursing 
women” OR  (MH "Pregnancy+") OR (MH "Pregnancy Complications") OR (MH "Prenatal 
Exposure Delayed Effects") OR (MH "Maternal Exposure") OR (MH "Expectant Mothers") OR 
(MH "Mothers") OR (MH "Puerperium") OR (MH "Maternal Nutritional Physiology") OR (MH 
"Postnatal Period") OR (MH "Lactation") OR (MH "Breast Feeding") OR (MH "Milk, Human") 

#4 - (MH "Mental Disorders") OR mental disorder* OR (MH "Cognition") OR cognition OR 
cognitive OR metacognition OR neurocognitive OR neurodevelop* OR neurological OR 
“cognitive dysfunction” OR “depressive disorders OR (MH "Depression") OR depression OR 
(MH "Anxiety") OR anxiety OR (MH "Psychomotor Performance") OR motor skill* OR (MH 
"Executive Function") OR executive function* OR (MH "Attention Deficit Hyperactivity 
Disorder") OR attention deficit disorder* OR ADHD OR (MH "Child Behavior Disorders") OR 
developmental disorder* OR (MH "Autistic Disorder") OR autism OR Asperger OR “language 
processing” OR language delay* OR (MH "Child Development") OR child develop* OR (MH 
"Developmental Disabilities") OR developmental delay* OR developmental disabilit* OR (MH 
"Motor Skills Disorders") OR motor skill* OR (MH "Problem Solving") OR developmental 
domain* OR “academic performance” OR “academic achievement” OR “academic failure” OR 
academic success* OR “growth and development” OR growth OR develop* OR “child 
develop*” OR movement OR “motor skills” OR ”motor development” OR ”motor skill*” OR 
”motor function” OR ”motor ability” OR ”motor performance” OR “growth chart*” OR “infant 
development” OR “language development” OR standing  OR stands OR sitting OR sits OR 
walking OR walk OR crawling OR crawl OR “ages and stages questionnaire*” OR ASQ  OR 
“bayley scales of infant development” OR (MH "Growth+") OR (MH "Human Development+") 
OR (MH "Language Development") OR (MH "Nonverbal Communication+") OR (MH 
"Psychomotor Performance+") OR (MH "Locomotion+") 

#5 - #1 AND #2 

#6 - #5 AND #3 

#7 - #6 AND #4 

#8 - #7 NOT (MH "Literature Review" OR MH "Meta Analysis" OR MH "Systematic Review" 
OR MH "News" OR MH "Retracted Publication" OR MH "Retraction of Publication") 
Filters: English Language, Human, Published Date: 20000101 - 20190703  
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LITERATURE SEARCH AND SCREENING RESULTS 

The flow charts (Figure 6, Figure 7, and Figure 8) below illustrate the literature search and 
screening results for articles examining the systematic review questions. One search (Figure 
6) simultaneously addressed two systematic reviews to answer the following questions: What 
is the relationship between folic acid from supplements and/or fortified foods consumed before 
and during pregnancy and lactation and 1) micronutrient status and 2) human milk 
composition. A second search (Figure 7) simultaneously addressed two systematic reviews to 
answer the following questions: What is the relationship between folic acid from supplements 
and/or fortified foods consumed before and during pregnancy and risk of 1) gestational 
diabetes and 2) hypertensive disorders of pregnancy. A third search (Figure 8) addressed the 
systematic review to answer the question: What is the relationship between folic acid from 
supplements and/or fortified foods consumed before and during pregnancy and lactation and 
developmental milestones, including neurocognitive development, in the child. The results of 
the electronic database searches, after removal of duplicates, were screened independently 
by two NESR analysts using a step-wise process by reviewing titles, abstracts, and full-texts 
to determine which articles met the inclusion criteria. Refer to Excluded Articles (Table 25, 
Table 26, and Table 27) for the rationale for exclusion for each excluded full-text article. A 
manual search was done to find articles that were not identified when searching the electronic 
databases; all manually identified articles are also screened to determine whether they meet 
criteria for inclusion.  
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Figure 6. Flow chart of literature search and screening results: Micronutrient status and 
Human milk compositionxlix 

 

 

                                            

xlix Two articles were included in both the review for micronutrient status and the review for human milk composition. 
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Figure 7. Flow chart of literature search and screening results: Gestational diabetes and 
Hypertensive disorders of pregnancyl 

 

 

  

                                            

l One article was included in both gestational diabetes and hypertensive disorders of pregnancy review. 
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Figure 8. Flow chart of literature search and screening results: Developmental milestones 
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Excluded articles 

The tables below (Table 25, Table 26, and Table 27) list the articles excluded after full-text screening, and include the 
categories of inclusion and exclusion criteria (see Table 24) that studies were excluded based on. At least one reason for 
exclusion is provided for each article, though this may not reflect all possible reasons for exclusion. Information about articles 
excluded after title and abstract screening is available upon request. 

Table 25. Articles excluded after full text screening with rationale for exclusion: Micronutrient status and Human milk 
composition 

 Citation Rationale 

1.  Abdollahi, Z, Elmadfa, I, Djazayery, A, Golalipour, MJ, Sadighi, J, Salehi, F, Sadeghian Sharif, S.  Efficacy of 
flour fortification with folic acid in women of childbearing age in Iran. Ann Nutr Metab.  2011. 58:188-96. 
doi:10.1159/000329726. 

Population 

2.  Adediran, A, Gbadegesin, A, Adeyemo, TA, Akinbami, AA, Akanmu, AS, Osunkalu, V, Ogbenna, AA, 
Oremosu, A.  Haemoglobin and ferritin concentrations of pregnant women at term. Obstet Med.  2011. 4:152-
5. doi:10.1258/om.2011.110033. 

Country 

3.  Afifi, M.  Anemia in pregnancy at South Sharqiya health centers, Oman. J Egypt Public Health Assoc.  2003. 
78:39-54.  

Intervention/Exposure; 
Comparator 

4.  Agodi, A, Barchitta, M, Quattrocchi, A, Marchese, AE, Boffetta, P.  Folate deficiency is not associated with 
increased mitochondrial genomic instability: results from dietary intake and lymphocytic mtDNA 4977-bp 
deletion in healthy young women in Italy. Mutagenesis.  2014. 29:101-6. doi:10.1093/mutage/get065. 

Intervention/Exposure; 
Outcome 
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